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TO THE 

BIGHT HONOUfUBLE AND RIGHT REVEREND 
CHARLES JAMES, 

LORD BISHOP OF LONDON. 

MTLOBD— 

1 owe it to you that I was se.ected for th^ 
task attempted in the foUowing pages, a distinction 
which I feel to be honourable ; and on this account 
alone I should have a peculiar pleasure in dedica- 
ting the work to your lordship. I do so with ad- 
ditional gratification on another 'account: the 
Treatise has been written within the walls of -the 
College of which your lordship was formerly a 
resident member, and its merits, if it have any, are 
mainly due to the spirit and habits of the place. 
The society isalwajrs pleased and proud to recollect 
that a person of the eminent talents and high 
character of your lordship is one of its members ; 
and I am persuaded that, any effort in the cause of 
letters cmd religion coming from that quarter, will 
have for you an interest beyond what it would 
otherwise possesa 

The subject proposed to me was hmited : my pre« 
scribed object is to lead the friends of re^i^on to 
look with confidence and pleasure on the progress 
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of the physicai sciences, by showing how admirably 
every advance in our knowledge of the universe 
harmonizes with the belief of a most wise and good 
GkxL To do this effectuaiiv, may be, I trust, a useful 
labour. Yet, I feel most deeply, what 1 would take 
this occasion to express, that this, and all that the 
speculatbr concerning N atura l Theology can do, is 
utterly insufficient for the great ema of Religion ; 
namely, for the purpose of reforming meii's lives, 
of purifying and elevating their characters, of pre- 
paring them for a more exalted state of being. It 
is the need of something fitted to do this, which 
gives to religion its vast and incomparable impor- 
tance; and this can, I well know, be achieved 
only by that {l^vealed Religion of which we are 
ministers, but on which the plan of the present 
work did not allow me to dwell. 
' That divine Providence may prosper the labours 
pf your lordship, and off all who are joined with you 
in the task of maintaining and promoting this 
Religion, is, my lord, the earnest wish and prayer of 

Your very faithful 

And much obliged servant, 

WlhLUM WfiElMrEU.. 

Trinity College, Cambridge^ 
Feb. 25, 1833. 
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INTRODUCTION. 
CHAPTER I. 

Object oftht PreaerU TreatJMe, 

The eiAmination of the material world bnng[B before us 
a number of things and relations of things which suggest 
to most minds the oelief of a creating ana presiding Intelli* 
gence. And this impression, which arises with the most 
va^e and superficial consideration of the objects by 
which we are surrounded, is, we conceive, confirmed and 
expanded by a more exact and profound study of external 
nature. Many works have been written at different times 
with the view of showing how our knowledge of the ele- 
ments and their operation, of plants and animcds and their 
construction, may serve to nourish and unfold our idea of 
a Creator and Grovemor of the world. But though this is 
the case, a new work on the same subject may still have 
its use. Our views of the Creator and Governor of the 
world, as collected from or combined with our views of 
the world itself, undergo modifications, as we are led by 
new discoveries, new generalizations, to regard nature in 
a new light. The conceptions concerning the Deity, hia 
mode of effecting his purposes, the scheme of his govern- 
ment, which are suggested by one Stage of our knowledge 
of natural objects and operations, may become manifestly 
imperfect or incongruous, if adhered to and applied at a 
later period, when oar ac({uaintance with the immediate 
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causes of natural^fats has been greatly extended. Oa 
this account it may be interesting, after sucii an advance; 
to siiow how the views of the creation, proaervation, ana 
gov^mn^nt of the universe, which natural science opens 
to u^ humonize with our belief in a Creator, GK)vemdr, 
andrr^rver of thtf world. To do this with respect to 
. cerniin, (Apartments Of Natural Philosoohy is the object of 
the followmg pages ; and the author will deem himself for- 
tunate, if he succeeds in removing any of the difficulties 
and obscurities which prevail in men's minds from the 
want of a clear mutual understanding between the religious 
and the scientific speculator. It is needless here to remark 
the necessarily imperfect and scantv character of Natural 
Religion ; for most persons will allow that, however iih- 
perfect may be the Knowledge of a Supreme Intelligence 
which we gather from the contemplation of the natural 
world, il^is still of most essential use and value. And our- 
purpose on this occasion isj not to show that Natural 
Theology is a perfect and satis£Bu:tory scheme, but to brin^ 
up our Natural Theology to the point of view in which 
it may >e contemplated oy the aid of our Natural Phi- 
losophy. 

Now the peculiar point of view which at present belongs 
to Natural Philosophy, and especially to the departments 
of it which have been most successfully cultivated, is, that 
nature^ so far as it is an object of scientific research, is a 
collection of facts governed by laws: our knowledge of 
nature is our knowledge of laws ; of laws of operation and 
connexion, of laws oi succession and co-existence, amon^ 
the various elements and appearances around us. And it 
must therefore here be our aim to show hoW this view of 
the universe falls in with our conception of the Divine 
Author, by whom we hold the universe to be made and 
governed. 

Nature acta by general laws ; that is, the occurrences 
of the world in which we find ourselves, result from causes 
which operate according to fixed and constant rules. The 
succession of days, and seasons, and years, is produced 
by the motions of the earth ; and these affain are governed 
hj the attraction of the sun, a force which acts with unde- 
viatin^ steadiness and regularity. The changes of winds 
and skies, seemingly bo capriciouB and casuai, are produced 
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bf Che operation of the sun's heat upon air and moistnn^ 
land and sea; and though in this case we cannot trace 
the particular events to their general causes, as wp can 
trace the motions of the siin and moon, no philosophical 
miad will doubt the generality and fixi^ of the rules by 
which these causes act. The variety of the effects tab •« 
place, because the circumstances in different cases var^ ; 
and not besause the abtion of material causes leaves any- 
thing to chance in the result. And again, though the vital 
movements which go on in the frame of vegetables and 
animals depend on agencies still less known, and probably 
still more complex, than those which rule the weather, 
each of the powers on which such movements depend has 
its peculiar jaws of action, and these are as universal and 
as invariable as the law by whicn a stone falls to the earth 
when not supported. 

The worla then is governed by general laws ; and vn 
order to collect from the world itself a judgment concern^ 
iog th9 nature and character of its government, we must 
consider the import and tendency of such laws, so far as 
they come under our knowledge. If there be, in the ad- 
ministration of the universe, intelligence and benevolence, 
miperintendence and foresight, grounds for love and hope, 
such qualities may be expeeted to appear in the constitution 
and combination of those fundamental regulations by which 
the coarse of nature is brought about, and made to be what 
it is. 

If a man were, by some extraordinary event, to find 
himself in a remote and unknown country^ so entirely 
strange to him that he did not know whether there existed 
in it any law or government at all; he might in no long 
time ascertain whether the inhabitants were controlled by 
any superintending authority; and with a little attention 
he might determine also whether such authority were ex- 
ercised with a prudent care for the happiness and well- 
benig of its subjects, or without any regard and fitness to 
such ends ; whether the country were governed by laws 
at all, and whether the laws were good. And according 
to the laws which he thus found prevailing, he would 
judge of the sagacity, and the purposes of the legislative 
power. 

By observing the laws of the material universe and theit 
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operation, we may hope, in a somewhat limilar manner, to 
be able to direct our judgment concerning the government 
of the universe : concenmiff the mode in which ue elements 
are regulated and control^d, their effects combined an<| 
balanced. And the general tendency of the results thus 
produced may discover to us something of the character of 
the nower which has legislated for the material world. 

We are not to push too fiur the analogy tKus suggested. 
There is undoubtedly a wide difference between the ciN 
cumstances of man legislating for man, and G^ legislating 
for matter. Still we shall, it will appear, find U)undant 
reason to admire the wisdom and the goodness which have 
established the Laws of Natitre^ however rigorously wd 
may scrutinize the import of this expression. , 



CHAPTER U. 

On Laws qf Nature. 

When we speak of material nature as being governed 
by /aiM, it is sufficiently evident that we use the term in a 
manner somewhat metaphorical. The law s to which man's 
attention is primarily directed are moral laws ; rules laid 
down for his actions ; rules for the conscious actions of a 
person ; rules^i^hich as a matter of possibility, he may obey 
or may transgress ; the latter event being combined, not 
with an impossibility, but with a penalty. But the Laws oj 
Nature are something different from this ; they are rules 
for that which things are to do and suffer ; ana this by no 
consciousness or will of theirs. They are rules describing the 
mode in which things cfoact; they are invariably obeyed; 
tiieir transgression is not punished, it is excluded. The 
language of a moral law is, man ahaU not kill ; the lan< 
guage of a law of Nature is, a stone imU fall to the earth. 

These two kinds of laws direct the actions of persons 
and of things, by the sort of control of which persons and 
thmgs are respectively susceptible ; so that the metaphor^ 
u very simple ; but it is proper for us to recollect that it ii 
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a metaphor, in order that wb may clearly apprehend what 
is implied in speaking of the Laws of Nature. 

in this phrase are included all properties of the portions 
of the material world ; all modes of action and rules of cau« 
sation, accordinjs; to which the^ operate on each other. The 
whole course ofthe visible universe therefore is but the col- 
lective result of such laws; its movements are only the 
Bggre^^ate of their working. All natural occiiTrenees, in 
the skies and on the earth, m the or^nic and in the inor 
ganic world, are determined by the relations ofthe elements 
and the actions of the forces of which the rules are thus 
prescribed. 

The relations and rules by which these occurrences are 
thus determined necessarily depend on measures of time and 
space, motion and force ; on quantities which are subject to 
numerical measurement and capable of being connected by 
mathematical properties. And thus all things are ordered \ 
by number and weight and measure. " Grod," as was said \ 
by the ancients, " works by geometry :" the le^slation of '\ 
the material universe is necessarily delivered in the Ian- ] 
gua^ of mathematics; the stars in their courses are , 
regulated by the properties of conic sections, and the winds ^ 
depend on arithmetical and geometrical progressions of 
elasticity and pressure. 

The constitution of the universe, so far as it ean be 
clearljr apprehended bv our intellect, thus assumes a shape 
involving an assemblage of mathematical propositions: 
certain algebraical formulse, and the knowledge when and 
how to apply them, constitute the last step of the physical 
science to which we can attain. The labour and the 
endowments of ages have been' employed in bringing such 
science into the condition in which it now exists ; .and an 
exact and extensive discipline in mathematics, foUowed by 
a practical and profound study of the researches of natunu 
philosophers, can alone put any one in possession of the 
knowledge concerning the course of the material world, 
which is at present open to man. The general impression^ 
however, which arises firom the view thus obtained of the 
universe, the results which we collect from the most careful 
scrutiny of its administration, may, we trust, be rendered 
intelligible without this technical and laborious study, and 
to do this is our present object. 
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It win U) our buainesB to ihow that the laWi^ vliich 
really prevail in nature are, by their./brm, that ia, by th« 
nature of the connexion which they ettabliah amons thtf 
Quantities and properticB which they reculate, remarkably 
adapted to the office which is assignea them ; and thus 
offer evidence of selection, design, and goodness, in itui 
power by ii^ich they were established. But these charao- 
ters of the legislation of the universe may also be seen, in 
many instances, in a manner somewhat different from thd 
selection of the law. The nature of thd connexion remain^ 
ing the same, the Quantities which it regulates may also in 
their magniiude bear marks of selection and purpose. 
For the law may be the same while the cpiantities to which 
it applies are different. The law of the gravity which acts 
to the earth and to Jupiter, is the same ; but the intensity 
of the .force at the surmces of the two planets is different^ 
The law which regulates the density of tne air at any point 
with reference to me height from the earth's sur&ce, would 
be the same, if the atmosphere were ten times as large, or 
only one-tenth as large as it is; if the barometer at the 
earth's surface stood at three inches only, or if it showed a 
pressure of thirty feet of mercury. 

Now this being understood, the adaptation of a law to its 
^ purpose, or to other laws, may appear in two ways :— 
either in the form of the law, or in the amount of the mag- 
nitudes which it regulates, which are sometimes colled 
arbitrary magniitidea. 

If the attraction of the sun upon the planets did not vary 
inversely as the square of the distance, the form of the law 
of gravitation would be changed ; if this attraction were^ 
at the earth's orbit, of a different vdlue from its present on& 
the arbitrary magnitude would be changed; and it will 
appear, in a subsequent part of this work, that either 
change would, so &r as we can trace its consequences, be 
detrimental. The form of the law determines in what 
manner the fietcts shall take place ; the arbitrary magnitude 
determines how iiut, how far, how soon ; the one givea a 
mode), the other a measure of the phenomenon; tne oiie 
draws the plan, the other gives the scale on which it i0 
^{ to be executed ; the one gives the rule, the other the rate* 

if either were wrongly token, the result would be wrong 
too. 
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CHAPTER in 

JkhOwd Adaptation in the Lami'qfNabtn* 

to ascertain luch laws of nature as we have beeo 
fcribing, is the peculiar buBiness of science. It is only 
th r^B^ard to a ver^ small portion of the appearances of 
t universe, that science, in any strict application of the 
m, exists. In very few departments ot research have 
n heen ablet to trace a multitude of known facts to causes 
lU^ appear to be the ultimate material causes, or to dis- 
ni the taws which seem to be the most general laws. 
tj in one or two instances, thev have done this, or some** 
Dg approaching to this; ana most especially in the 
tance of that part of nature, which it is tne object of this 
Bitise more peculiarly to consider. 
The apparent motions of the sun, moon, and stars have 
sn more completely reduced to their causes and laws than 
J other class of phenomena. Astronomy, the science 
lich treats of these, is already a wonderful example of 
> degree of such, knowledge which man may attain. 
ke forms of its most important laws may be conceived to 
certainly known ; and iiundreds of observers in all parts 
the world are daily employed in determining, with addi* 
aal accuracy, the arbitrary magnitudes whicn these laws 
rolve. 

The inquiries in which the mutual effects of heat, mois* 
t, air, and the like elements are treated (^ including, 
long other subjects, all that we know of the causes of the 
ather (meteorology) is a fsxx more imperfisct science than 
ronomy. Yet, with regard to these agents, a great 
mber of laws of nature have been discoverec^ thought 
doubtedly, a fiir greater number remain still unknown. 
So far, therefore, as our kuowledee goes, astronomy and 
steoxt)logy are parts of natural philosophy in which we 
ly study the drder of nature with such views as we -have 
Sgestea ; in which we may hope to make out the adapta« 
ns and aims which exist in the laws of nature ; and thus 
obtain some light on the tendency of this part of the 
pslation of the universe, and on the character and di»« 
laitioa of the Legislator. 

2 
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The number and variety of the laws which we ind 
Mtabliflhed in tlie univerae u so great, that it would be kUe 
to endeavour to enumerate them. In their opeFation they 
are combined and intermixed in incalculable and endlem 
perplexity, influencii^ and modifying each otherB*s effectt 
m every direction, u we attempt to comprehend at once 
the whole of thia complex system, we find ourselves utterly 
baffled and overwhelmed by its extent and mcdtiplicity. 
Yet, in so fieur as we consider the bearing of one part upon 
another, we receive an impression of adaptation^ of mutual 
fitness, of conspiring means, of preparation and completion, 
of purpose and provision. This impression is suggested bv 
the contemplation of every part of nature ; but the grounu 
of it, from the very circumstances of the case, cannot be 
conveyed in a few words. It can only be fiilly educed by 
leading the reader through several views and details, and 
must grow out of the combined influence of these ona sobei 
and reflecting frame of mind. However strong and solemn 
be the conviction which may be derived from a contempla- 
tion, of nature, conceminffthe existence, the power, the wis- 
dom, the goodness of our Divine Grovemor, we cannot expect 
that this conviction, as resoltine from the extremely complex 
spectacle of the material worl{ should be capable of being 
irresistibly conveyed by a few steps of reasoning, like the 
conclusion of a geometrical proposition, or the result of an 
arithmetical calculation. 

Wc shall, therefore, endeavour to point out cases and 
circumstances in which the different parts of the universe 
exhibit thia mutual adaptation, and thus to bring before the 
mind of the reader the evidence of wisdom and providence, 
which the external world affords. When we have illustral 
ted the correspondencies which exist in every provmce ol 
nature, between the qualities of brute matter and the eon- 
Btitution of hvmg thmgs, between the tendency to deranse* 
ment and the conservative influences by which m^ a 
tendency is wunteracted, between the offide of the minutesi 
speck and of the most general laws; it will we trust, be 
difficult or unnossible to exclude from our conceptiS d 

SiLr^"^"^ T^"^ the idea of a harmoi^^ ■ 
preserving, a contriving, an intending Mind : of a H^nL 

feteT ^"^'"' '" "^^ ^ uLSs of cS 
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CHAPTER IV. 
Division qfthe Subject. 

Iv making a survey of the unnrerse, for the purpose of 

Ginting out such correapoDdencies and adaptations as we 
▼e mentioned, we shall suppose the general leading fisusts 
of the course of nature to be known, and the expla^ttions 
of their causes now generally established among astrono- 
mers and natural phuosophers to be conceded. We shall 
assume therefore that the earth is a solid globe of ascertain* 
ed magnitude, which travels round the sun, in an orbit 
neariy ebrcular, in a period of about three hundred and 
sixty five dajrs and a (juarter, and in the mean time 
revmves in an inclined position, upon its own axis in about 
twenty-four hours, thus producing the succession of ap- 
pearances and effects which constitute seasons and climates, 
day and night ;— <hat this globe has its surface furrowed 
and ridged with various inequalities, the waters of the ocean 
occupymg the depressed parts :— that it is surrounded by 
an atmosphere, or spherical covering of air; and that 
various otner physical agents, moisture, electricity, magne- 
tism, light, operate at the sur&ce of the earth, according to 
their peculiar laws. This surface is, as we know, clothed 
with a covering of plemts, and inhabited by the various 
tribes of animals, with all their variety of sensations, 
wants^ and enjoyments. The relations and connexions of 
the larger portions of the world, the sun, the planets, and 
the stars, the eotmical arrangements of the svstem, as they 
are sometimes called, determme the eourse of events among 
these bodies ; and the more remarkable features of these 
arra^^ments are therefore some of the subjects for our 
eonsideration. Tlieae eosmical arrangements in their con- 
sequences, affect also the physical aeencies which are at 
work at the surface of the earth, and nence come in con- 
tact with t e rre atri al occurrences. They thus influence the 
funetions, of plants and animals. The circumstances in 
the eosmical system of the universe, and in the organic 
system of the earth, which have thus a bearing on each 
ether, form another of the subjects of which we snail treaL 
The mrmer class of considerations attends principally to the 
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Stability and other apparent perfections of the solar system | 
the latter to the well being of the system of organic life by 
which the earth is occupied. The two portions of th6 
subject may be treated as Cosmical Arrangements and Ter- 
restrial Adaptations. 

We shall be^ with the latter class of adaptations, 
because in treatmg of these the facts are more femuiar and 
tangible, and the reasonings less abstract and technicaJ, , 
than in the other division of the subject. Moreover, in this 
case misn have no difficulty m recognizing as desirable the 
end which is answered oy such adaptations, and they 
therefore the more readily cbnsider it as an end. The 
nourishment, the enjovment, the diffusion of hving things^ 
are willingly acknowledged to be a suitable object. for con- 
trivance ; the simplicity, the permanence, of an inert me- 
chanical combination might not so readily be allowed to be 
a manifestly worthy aim of a Creating Wisdom. The 
former branch of' our argument may uerefore be best 
suited to introduce to us tte Deity as the institutor of Xaws 
of Nature, though the latter may afterwards give .us a 
wider view and a dearer insight mto one province of hig 
legislation. 



BOOK I. 



TEBRESTBIAL ADAPTATIONS. 

Wa proceed in this book to point out relations which 
■ubeist Detween the laws of the inorganic world, that is, 
tlie general facts of astronomy and meteorology ; and the 
laws wiiieh prevail in the organic world, the properties of 
planets and animals. 

With regard to the &A kind of laws, they are in the 
highest degree Tarious and unlike each other. The inten- 
sity and activity of natural influences follow in different 
cases the most different rules. In some instances they are 
peHodieal, increasing and diminishing alternately, in a 
perpetual succession of equal intervals of time. This is the 
case with the heat at the earth's sur&ce, which has a 
period of a year ; with the light, which has a*period of a 
day. Other qualities are eorutant^ thus the force of gravi- 
ty at the same place is always the same. In some cases, a 
very simple cause produces very complicated effects ; thus 
She i^obular form of the earth, and the inclination of its 
axis chiring its annual motion, give rise to all the variety 
of climates. In other cases a very complex and variable 
system of causes produces effects comparatively steady and 
uniform ; thus swur and terrestrial heat, air, moisture, and 
probably many other apparently conflicting agents, join to 
produce our weather, which never deviates yery far from 
a certain average standard. 

Now a general fact, which we shall endeavour to exem- 
plify in the following chapters, is this : — ^That those proper- 
ties of plants and animals which have reference to agen- 
cies of a periodical character, have also by their nature a 
periodical mode of working ; while those properties which 
refer to a^ncies of constant intensity, are aa justed to this 
constant mtensity : and again, there are peculiarities in the 
ABtors of organized beings which have reference to a yane- 
B 2* 
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tT in the conditions of the external world, as, for instance^ 
the db^erence of the organized population of different 
re^ns; and there are other peculiarities which have a 
reference to the constancy of the average of such conditiou^ 
and the limited range of the deviations from that average ; 
as for example, that constitution by which each plant and 
animal is fitted to exist and prosper in its usual place in the 
world. 

And not only is there this general agreement between the 
nature of the laws which govern the organic and inorganic 
world, but also there is a coincidence between the arbwnxry 
magnUudes which such laws involve on the one hand and 
on the other. Plants and animals have, in their construc- 
tion, certain periodical functions, which have a reference to 
alternations of heat and cold ; the length of the period 
which belongs to these functions by uieir constructioo, 
appears to be that of the period which belongs to the actual 
alternations of heat and cold, namely, a year. Plants and 
animals have again in their construction certain other 
periodical functions, which have a reference to altematiaos 
of light and darkness ; the length of the period of such 
functions appears to coincide wim the natural day. In like 
manner the other arbitrary magnitudes which enter into 
the laws of gravity, of the effects of air and moisture, and 
of other causes of permanence, and of change, by which the 
influences of the elements operate, are the same arbitrary 
magnitudes to which the members of the organic world are 
adapted by the various peculiarities of their construction. 
I The illustration of this view will be pursued in the 
Bucceedinff chapters; and when the comcidence here 
spoken of is distinctly brought before the reader, it wilL 
we trust, be found to convey the conviction of a wise and 
benevolent design, which has been exercised in producing 
such an agreement between the internal constitution and 
the external circumstances of organized beings. We shall 
adduce cases where there is an apparent relation between 
the course of operation of the elements and the course of 
Tital functions; between some fixed measure of time or 
Bpace, traced in the lifeless and in the living world; where 
creatures are constructed on a certain plan, or a certain 
scale, and this plan or this scale is exactly the single one 
which is suited to their place on the earth ; where it WM 
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far the Creator ^ we may use >och a mode of 
■peajdxig) to take account of the weight of the earth, or the 
density of the air, or the measure of the ocean, and where 
these quantities are rightly taken account of in the arrange- 
ments of creation. In such cases we conceive that we 
trace a Creator, who, in producing one part of hie work, 
was not forgetful or careless of another part ; who did not 
cast his livine creatures into the world to prosper or perish 
as they might find it suited to them or not; but fitted 
together, with the nicest skill, the wojpld and the constitu- 
tion which he gave to its inhabitants ; so fashioning it and 
them, that light and darkness, s\m and ain moist and dry, 
should become their ministers and beneuictors, the un- 
wearied and un&ilinff causes of their well being. 

We have spoken m the mutual adaptation of uie organic 
and the inorganic world. If we were to conceive the con- 
trivance of the world as taking place in an order of time 
in the contriving mind, we might also have to conceive 
this adaptation as taking place in one of two ways ; we 
might either suppose the laws of inert nature to be accom- 
moated to the foreseen wants of living thmgs, or the 
organization of life to be accommodated to tHe previously 
established laws of nature, fiut we are not forced upon 
any such mode of conceptu)n, or upon any decision between 
such suppositions : since, for the purpose of our argument, 
the consequence of either view is the same. There is an 
adaptation somewhere or other, on either supposition. 
There is, account taken of one pa^ of the system m fram- 
ing the other : and the mind which took such account can 
be no other than that of the Intelligent Author of the uni- 
verse. When indeed we come to see the vast number, the 
variety, the extent, the interweaving, reconciling of such 
adaptations, we shall readily allow, that all things are so 
moulded u^on and locked into each other, connected by 
such subtiuy and profundity of design, that we may well 
•btadon the idle attempt to trace the order of thought in 
the mind of the Supremo Ordainer. 
B2 
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CHAPTER L 
The Length of the Year, 

A Ymar is the most important and obrious of the pe- 
nodfl which occur m the organic, and especially in the 
vegetable world. In this interval of time the cycle of most 
of the external influences which operate upon plants is 
completed. There is also in plants a cycle of internal 
functions, corresponding to this succession of external cau- 
ses. The length of either of these periods might have 
been different from what it is, according to any grounds of 
necessity which we can perceive. But a certain length is 
selected in both instances, and in both instances the same. 
The length of the year is so determined as to be adapted to 
the constitution of most vegetables ; or the construction of 
veg^etables ia so adjusted as to be suited to the length 
which the yeajr really has, and unsuited to a duration lon- 
ger or shorter by any considerable portion. The vegetable 
clock-work is so set as to go for a year. 

The length of the year br interval of recurrence of the 
seasons is determined by the time which the earth employs 
in performing its revolution round the sun : and we can 
very easily conceive the solar system so adjusted that the 
year should be longer or shorter than it actually is. We 
cafi imagine the earth to revolve round the sun at a dis- 
tance greater or less than that which it at present has, all 
the forces pf the system remaining unaltered. If the earth 
were removed towards the centre oy about one-eighth of its 
distance, the year would be diminished by about a month $ 
and in the same manner it would be increased by a month 
on increasing the distance by one-eiehth. We can suppose 
the earth at a aistance of eighty-four or a hundred and 
eight millions of miles, just as easily as at its present dis- 
tance of ninety-six millions : we can suppose the earth with 
its present stock of animals and v^etables placed where 
Mars or where Venus is, and revolving in an orbit like one 
of theirs : on the former supposition our year would be- 
come twenty-three, on the latter seven of our present months. 
Or wd can oonceive the present distances of the parts of the 
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tystem to continue what they are, and the eize, or, the den- 
sity of the central mass, the sun, to be increased or dimi- 
nished in any proportion ; and in this way the time of the 
earth's revolution might have been increased or diminish^ 
in any degree ; a greater velocity, and consequently a di- 
minished period, bemg^ requisite in order to balance an aug- 
mented central attraction, in any of these ways the length 
of the earth's natural year might have been different from 
what it now is : in the last way without any necessary al« 
teration, so &x as we can see, of temperature. 

Now, if any change of this kind were to take place, the 
working of the botanical world would be thrown into utter 
disorder, the functions of plants would be entirely deranged, 
and the whole vegetable kingdom involved in instant decay 
and rapid extinction. 

That this would be the case, may be collected from innu- 
merable indications. Most of our fruit trees, for example, 
require the year .to be of its present length, if the summer 
and the autumn were much shorter, the fruit could not 
ripen ; if these seasons were much longer, the tree would 
put fcurth a fresh suit of blossoms, to oe cut down by the 
winter. Or if the year were twice its present leneth, a se- 
cond crop of frnit would probably not be matured, lor want, 
among other thines, of an intermediate season of rest ana 
consoudation, suea as the winter is. Our forest trees in 
like manner appear to need all the seasons of our present 
year for their perfection ; the spring, summer, and autumn, 
tor the developement of their leaves and consequent forma- 
tion of their proper jvdcef and of wood from this j and the 
winter for the hardening and solidifying the substance thus 
formed. 

Most plants, indeed, have some peculiar function adapted 
to each period of the year, that is of the bow existing year. 
The sap ascends with extraordinary copiousness at two sear 
sons, in the spring, and in the autumn, especially the for- 
mer. The opening of the leaves and the opening of the 
flowers of the same plants are so constant to their times, 
(their appointed times, as we are naturally led to call them,) 
that such odcurrenoes might be taken as indications of the 
times of the year. It has been proposed in this way to se- 
lect a series of botanical facts whicn should* form a calen- 
dar; and this has been termed a ea2enc£ar^F/ora. Thui^ 
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if we consider the time of putting forth leaves,* the honej- 
suekie protrudes them in the month of January ; the goose- 
berry, currant, and elder, in the end of February, or begin- 
ning of March ; the willow, elm, and lime-tree in April; the 
oak and ash, which are always the latest among trees, in 
the beginnme or towards the middle of May. In the same 
manner the lowering has its regular time : the mezereon 
and snowdrop push forth th^ir flowers in February ; the 
primrose in the month of March ; the cowslip in April ; the 
great mass of plants in May and June ; many in July, Au- 
gust, and September ; some, not till the month of October, 
as the meadow saffron; and some not till the approach 
and arrival of winter, as the laurustinus and arbutus. 

-The fact which we have here to notice, is the recurrence 
of these stages in the developement of plants, at intervals 
precisely or very nearly of twelve months. Undoubtedly, this 
result is in part occasioned by the action of external stimu- 
lants upon the plant, especially heat, and by the recurrence 
of the intensity of such agents. Accordingly, there are slight 
differences in the times oT such occurrences, according to the 
backwardness or forwardness of the season, and according 
as the climate is genial or otherwise. Gkirdeners use arti- 
fices which will, to a certain extent, accelerate or retard the 
time of developement of a plant. But there are various 
circumstances which show that this recurrence of the same 
events and equal intervals is not entirely owing to external 
causes, and tnat it depends also upon somethiiu; in the in- 
ternal structure of vegetables. Alpine plants do not wait 
for the stimulus of the sun's heat, but exert such a strug- 
gle to blossom, that their flowers are seen among the yet 
unmelted snow. And this is still more remarkable in the 
naturalization of plants from one hemisphere to the other. 
When we transplant our fruit trees to the temperate regions 
Bouth of the equator, they continue for some years to flou- 
rish at the period which corresponds to our spring. The 
reverse of this obtains, with certain trees of the southern 
hemisphere. Plants from the Cape of Good Hope, and 
from Australia, countries whose summer is simultaneous 
with ^r winter, exhibit their flowers in the coldest part of 
the year, as the heaths. 

* London, Encyclopedia of Gardening, 848. 
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This view of the subject agrees with that maintained 
by the best botanical writers. Thus Deeandolle (sbservM 
that idler making allowance for all meteorologioal causes^ 
which determine the epoch of flowering, we must reckon 
Bs another cause the peculiar nature of each species. The 
flowering once determmed, appears to be subject to a law 
of perioaicify and habit.* 

It appears then that the functions of plants have by their 
nature a periodical character ; and the length of the period , 
thus belonging to vegetables is a result of their oorganization* 
Warmth and light, scnl and moisture, may m some degree 
modify, and hasten or retard the stages oi this period ; but 
when the constramt is removed the natural peruxl Is again 
resumed. Such stimulants as we have mentioned are not 
the causes of this periodicity. ' They do not produce the va- 
ried functions of me plant, and could not occasion their per- 
formance at regular mtervals, except the plant possessed a 
suitable construction. They .could not alter the length of 
the cycle of vegetable functions, except within certain very 
narrow limits. The processes of the risine of the sap, of 
the formation of proper juices, of the unfolding of leaves, 
the openinjg of flowers, the fecundation of the fruit, the 
ripening tt the seed, its proper deposition in order for the 
reproduction of a new plant ; — all these operations require 
a certain portion ot time, and could not be compressed into 
a space less than a year, or at least could not be abbrevi- 
ated in any very great degree. And on the other hand, if the 
winter were greatly longer than it now is, many seeds would 
not germinate at the return of spring. Seeds which have 
been kept too long require stimulants to make them fertile. 

If therefore the duration of the seasons were much to 
change, the processes of vegetable life would be interrupt- 
ed, deranged, distempered. What, for instance,' would be- 
come of our calendar of Flora, if the year were lengthened 
or shortened by six months 7 Some of the dates would never 
arrive in the one case, and the vegetable processes which 
mark them would be superseded ; some seasons would be 
without dates in the other case, and these periods would be 
employed in a way harmful to the plants, and no doubt 
speedily destructive. We should have not only a year qf 

* Dec Phys. vol. iL 478 
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eonfluton, but, if it were repeated and continued, a yeajt fd 
death. 

But in the existing state of thingiL the duration of the 
earth's revolution round the sun, and the duration of the 
revolution of the vegetable, functions of most plants are 
e(juaL These two periods are adjtuted to each oth^. The 
stimulants which the elements apply come at "such intervals 
and continue for such times, that the plant is supported in 
health and vigour, and enabled to reproduce its kind. Just 
such a portion of time is measured out for the vegetable 
powers to execute their task, as enables them to do so in 
the best manner. 

JNow such an adjustment must surely be accepted as a 
proof of design, exercised in the formation of the world* 
Why should the solar year be so long and no longer? or, 
this being of such a length, why should the vegetable cy- 
cle be exactly of the same length? Oan this be chance f 
And this occurs, it is to be observed, not in one, or in a few 
species of plants, but in thousands. Take a small portion 
only of known species, as the most obvioudy endowed with 
this adjustment, and say ten thousand. How should ail 
these organized bodies be constructed for the same period 
of a year f How should all these machines be wound up 
BO as to go for the same time ? Even allowing that they 
could bear a year of a month longer or shorter, how do 
they all come within such limits ? No chance could pro- 
duce such a result. And if not by chance, how otherwise 
could such a coincidence occur, than by an intentional ad' 
justmentof these two things to one another? by a selection 
of such an organization in plants, as would fit them to the 
earth on which they were to grow ; by an adaptation of 
construction to conditions ; of lie scale of the construction 
to the scale of the conditions. 

It cannot be accepted as an explanation of this fact in the 
economy of plants, that it is necessary to their existence ; 
that no plants could possibly have subsisted^ and comd 
down to us, except those whidi were thus suited to their 
place on earth. This is true ; but this does not at all re« 
move the necessity of recurring to design as the origin of 
the construction by which the existence and continuane 
of plants is made possible. A watch could not go, exec 
^thsre were the most exact adjustment in the forms and ]p 
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i of its wheels ; yet no one would accept it a> ta ez- 

ion of the origin of such forms and positions, that the 

i would not go if these were other than the^ are. If 

ajector were to suppose that plants were originally fi^ 

o years of various lengths, and that such only have 

ived to the present time, as had a cycle of a length 

i to our present year, or one which could be accommo- 

d to it ; we should reply, that the cussumption is too 

.uitous and extravagant to require much consideration ) 

that, moreover, it does not remove the difficulty. How 

le the functions of plants to be periodical at alll Here is, 

iie first instance, an agreement in the form of the laws 

X prevail in the organic and in the inorganic world, 

lich appears to us a dear evidence of design in their Au- 

or. And the same kind of reply might be made to any 

milar objection to our argument. Any supposition that 

le universe has gradually approximated to that state of 

armony among the operations of its different parts, of 

^ich we have one instance in the comcidence now under 

;onsideration, would make it necessary for the obiector to 

issume a previous state of things preparatory to tnis per- 

Cect corresDondence. And in this preparatory condition we 

shoiUd still be able to trace the rudiments of that harmony, 

for which it was proposed to account .* so that even the 

most unbounded license of h3rpothesis would not enable the 

opponent to obliterate the traces of an intentional adapta* 

tion of one part of nature to another. 

Nor would it at all afiect the argument if these periodic 
eal occurrences could be traced to some proximate cause t 
if for instaooe it could be shown, that the budding or flow- 
ering of planti is brought about at particular intervals, by 
the nutriment accumulated in their vessels during the pre* 
ceding months. For the c|uestion would still remain, now 
their nmctione were so adjusted, that the accumulation of 
the Dutrimextt necessary ror budding and flowering, toge- 
ther with the operation itself comes to occupy exactly a 
vear, instead of a month only, or ten jrears. There must 
oe in their stmctare some reierence to time ; how did such 
a reference occur 1 how was it determined to the particular 
time of the earth's revolution round Uie sun? This could 
be no otherwise, aa we conceive^ than by design and ap« 
fir^tment. 

3 
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We are left therefore, with this manifeat adjustment b^^' 
fore us, of two parts of the universe, at first sight so re* 
mote ; the dimensions of the solar system and the powen 
of vegetable life. These two thinss are so related, that 
one has been made to fit the other. The relation is as clear 
as that of a watch to a sundial., if a person were to com* 
pare the watch with the dial, hour after hour, and day af* 
ter day, it would be impossible for him not t6 believe thai 
the watch had been contrived to accomodate itself to the 
solar day. We have at least ten thousand kinds of vege* 
table watches of the most various forms, which are all ac- 
commodated to the solar year ; and the evidence of contri- 
vance seems to be no more capable of being eluded in thii 
case than in the other. 

The same kind of arg^ument might be applied to the ani-^ 
mal creation. The painng, nesting, hatching, fiedging, and 
flight of birds, for instance, occupy each its particular time 
ofthe year ; and, together with a proper period of rest, fill 
up the twelve months. The transformations of most insects 
have a similar reference to the seasons, their progress and 
duration. " In every species," (except man,) says a wri* 
ter* on animals, " there is a peculiar period of the year in 
which the reproductive system exercises its energies. ' And 
the season of love and the period of gestation are so ar- 
ranged that the young ones are producedat the tima wherein 
the conditions of temperature are most suited to the com-* 
mencement of life." It is not our business here to consider 
the details of such provisions, beautiful and striking as they 
are. But the prevalence of the ^reat law of periodicity in 
the vital functions of organized oeinffs will be aJlowea to 
have a claim to be considered in its reference to astronomy, 
when it is seen that their periodical constitution derives ltd 
use from the periodical nature of the motions of the planets 
round the sun ; and that the duration of such cycles in the 
existence of plants and animals has a reference to th^ arbi' 
trary elements of the solar system; a reference which, we 
maintain, is inexplicable and unintelligible, except by ad« 
mitting into our conceptions ; an Intelligent Authoii alike ot 
the organic and inorganic universe. 

* Flaming, ZooL i. 4oa 



CHAPTER II. 
The Length of the Day, 

We shall now consider another astronomical element, the 
time of tjie revolution of the earth on its axis ; and we shall 
find here also that the structure of organized bodies are 
suited to this element ^— that the cosmical and physiological 
arrangements are adapted to each other. 

We can very easily conceive the earth to revolve on her 
axis fistster or slower than she does, and thus the days to be 
longer or shorter than they ar^ witnout supposing any other 
chs^tge to take place. Tnere is no apparent reason wn}r this 
globe should turn on its axis just three hundred and sixty- 
six times while it describes its orbit round the sun. The revd- 
lutions of the other planets, so &r as we know them, do not 
appear to follow any rule by which they are connected with 
the distance from the sun. Mercury, Venus, and Mars, 
have days nearly the length of ours. Jupiter and Saturn 
revolve m about ten hours each. For any thing we can dis- 
. cover, the earth might have revolved in this or any other 
smaller period ; or we might have had, without mechanical 
inconvenience, much longer days than we have. 

But the terrestrial day, and consequently the length of 
the cycle of li^ht and darkness, being what it is, we find va- 
rious parts ofthe constitution both of animals and vegeta- 
bles, which have a periodical character in their functions, 
corresponding to the diurnal succession of external condi- 
tions ; and we find that the length of the period, as it exists 
in their constitution, coincides with the length of the natural 
day^ 

The alternation of processes which takes place in plants 
by day and by nieht is less obvious, and less obviously es- 
sential to their weu being, than the annual series of chants. 
But there are abundance of fieusts which serve to show mat 
such an alternation is part ofthe vegetable economy. 

in the same manner in which Linnseusproposed a Ca- 
Iftndar of Flora, he also proposed a Dial ofFlora^ or Flower- 
Clock ; and this was to consist, as will readily be supposed, 
of plants, which mark certain hours of the day, by openin^f 
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and shutting their flowers. Thus the day-lily {kemeroeal- 
lis f viva) opens at five in the morning; the ieontodcn to- ' 
TCLxacunit or common dandelioA, at five or six ; the hierxh 
cium kUifolium-y (hawkweed,) at seven; the Ateractum' 
pUosella^ at eight; the ccUendtila arvenaU^ or marigold, at 
nine; tl^e mesembryanthemuTn neapolUanunif at ten or 
eleven ; and the closing of Uiese and other flowers in the lat- 
ter part of the day oflers a similar system of hour marks. 

Some of these plants are thus expanded in consequence 
of the stimulating action of the li^ht and heat of the (Uiy, as 
appears by their changing their time, when these influences 
are changed ; but others appear to be constant to the same 
hours, and independent of the impulse of such external cir 
cumstances. Other flowers by their openine and shutting 
prognosticate the weather. Plants of the tatter kind are 
called by Linnsus meteoric flowers, as being regulated by 
atmospheric causes; those which change their hour of 
opening and shutting \(^ith the length of the day, he terms 
tropical; and the hours which they measure are, he ob- 
serves, like Turkish hours, of varymg length at difletent 
seasons. But there are other plants which he terms e^ui- 
noctial ; their vegetable days, like the days of the equator, 
being always of equal length; and these open, and gene- 
rally close, at a fixed and positive hour of the day. Sueh 
plants clearly prove that the periodical character, and the 
period of the motions above described, do n(H depend altoge- 
ther on external circumstances. 

Some curious experiments on this subject were made by 
DecandoUe. He kept certain plants in two cellars, one 
warmed b\^ a stove and dark, the other lighted by lamps. 
On som<i bf the plants the artificial Ught appeared to have 
no influence, {conoolwlva arvensia^ eonwdvwua eneorum, 
silenefnUicosa, and they still followed the clock hours in 
their opening and closing. The night-blowing plants ap- 
peared somewhat disturbed, both by perpetual light and per- 
petual darkness. In either condition they accelerated their 
going 80 much, thar in three days they had gained half a day, 
and thus exchanged night for day as their time of opening. 
Other flowers went slower in the artificial light {con'wlvu- 
lu8 purpureus.) In like manner those plants which fold' 
and unfold their leaves were yarioualy aflected by this mode 
pf treatment. The oxalis slricta and oxalis incarnata kept 
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their habits, without regarding either artificial iight or heat. 
The mdmosa leucocephala fomed and unfolded at the usual 
times, whether in light or in darkness, but the folding up 
was not so complete as in the open air. The mimosa pw- 
diea (sensitiYe plant,) kept in daikness during the day time, 
and iUuminatea during tne ni^ht, had in three days accom- 
modated herself to tte artificial state, opening in the eve- 
ning, and closing in the morning; restored to ihe open air, ' 
she recovered her usual habits. 

Tropical plants in general, as is remarked by our garden* 
ers, suffer from the length of ouf summer daylight ; and it 
has been found necessary to shade them during a certain 
part of the day. 

it is clear from these facts, that there is a diurnal period 
belonging to the constitution of vegetables : though ^e suc- 
cession of functions depends in part on external stimulants, 
as light and heat, their periodical character is a result of the 
structure of the plant ; and this structure is such, that the 
length of the period, under the common influences to which 
plants are exposed, coincides with the astronomical day. 
The power of accommodation which vegetables possess m 
thai respect, is far from being such as either to leave the 
existence of this periodical constitution doubtful, or to enti- 
tle us to suppose that the day might be considerably length- 
ened or shortened without injury to the vegetable kingdom. ' 

Here then we have an adaptation between, the structure 
of plants, and the periodical order of light and darkness 
which arises from tne earth's rotation ; and the arbitrary 
Quantity, the length of the cycle of the phvsioJogical and of 
the astronomical fact is the same. Can this have occurred 
any otherwise than by an intentional adjustment? 

Any supposition that the astronomical cycle has occa- 
sioned the physiological one, that the structure of plants has 
been brought to be what it is by the action of external causes, 
or that such plants as could not accommodate themselves to 
the existing day have perished, would be not only an arbi- 
trary and baseless assumption,' but moreover useless for the 
purposes of explanation which it professes, as we have no- 
ticed of a similar supposition with respect to the annual 
eyele. How came plants to have periodicity at all in 
those functions which have a relation to light and darkness? 
iliis pctft of their constittttion was suited to organized things 

3* 
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which wer» ^o flouriah on the earth, acid «t '^ aoeordingif 
bestowed on them ; it was necessary for thic end that the 
period should be of a certain length; it is of that lei^gth and 
no other. Surely this looks like intentional provision. 

Animals also have a period in ttyeir functions and habits; 
as in the habits of waking, sleeping, eating, dtc. and their 
well being appears to depend on the coincidence of this pe- 
riod with the length of the natural day. We see that in 
the day as it now is, all animals find seasons for tiding 
food and repose, which agree perfectly with their health 
and comfort. Some animals feed during the day, as nearly 
all the ruminating animals and land birds ; others feed only 
in the twilight, as bats and owls, and are called erepuseU' 
lar; while many beasts of prey, aquatic birds, and others, 
take their food during the ni^ht. Those animals which 
are nocturnal feeders, are diurnal sleepers, while those 
which are crepuscular, sleep peully in the night and partly 
in the day ; but in all, the complete period of these func* 
tions is twenty-four hours. Miein^ in like manner, in all 
nations and ages, takes his principal rest once in twen- 
ty-four hours; and the regularity of this practice seems 
most suitable to his health, though the duration of the 
time allotted to repose is extremely different in different 
cases. So far as we can judge, this period is of a leneth 
beneficial to the human frame, independently of the ef^ct 
of external agents. In the voyages recently made into high 
northern latitudes, where the sun did not rise for three 
months, the crews of the ships were made to adhere, with 
the utmost punctuality, to tne habit of retiring to rest at 
nine, and rising a quarter before six ; and they enjoyed, un- 
der circumstances apparently the most trying, a state of sa- 
lubrity quite remarlcable. This shows, that according to 
the common constitution of such men, the cycle of twenty- 
four hours is very commodious, though not imposed on 
them by external circumstances. 

The hours of food and repose are capable of such wvle 
modifications in animals, and above all in man^ by the in- 
fluence of external stimulants and internal emotions, that it 
is not easy to distinguish what porti(m of the tendency to 
■uch alternations depends on original constitution. Tet no 
one can doubt that the inclination to food and sleep ii peri* 
odical, or can maintain, with any plauiibility, that the po> 



ISNeTH OF TBS DAT. 31 

iM may be lengthenad or shortened without limit. We 
wr be tolerably certain that a constantly recurring period 
of forty-eight houn would be too long for one day of emnloy- 
ment and one period of sleeps ^^ our present faculties ; 
and all, whose bodies and minds are tolerably active, will 
probably aeree that, independently of habit, a perpetual al- 
ternation of eight hours up and lour in bed would employ 
the human powers less advantageously and agreeably than 
an alternation of sixteen and eight. A creature which 
could employ the fidl energies of his body and mind unin- 
terruptedly tor nine months, and then take a single sleep of 
three months, would not be a man. 

When, therefore, we have subtracted from the daily cy- 
cle of the em^^oyiaents of men and animals^ that which is 
to be set down to the account of habits acquired, and that 
which is occasioned by extraneous causes, there still re- 
mains a periodical character; and a period of a certain 
length, wnich coincides with, or at any rate easily accom- 
modates Itself to, the duration of the earth's revolution. The 
physiologioed analysis of thisjpart of our constitution is not 
necessary for our purpose. Tne succession of exertion and 
repose in the muscular system, of excited and dormant sen- 
sibility in the nervous, appear to be fundamentally connected 
with the muscular and nervous powers, whatever the nature 
of these may be. The necessi^ of these alternations is one 
of the measures of the intensity of those vital energies; and 
it wduid seem that we cannot, without assuming the human 
powers to be altered, suppose the intervals of tranquillity 
which they require to be much changed. This view agrees 
with the opinion of some of the most eminent physiologists. 
Thos Cabanifl* notices the periodical and isocKronus cha- 
racter of the desire of sleeps as well as of other appetites. 
He states also that sleep is more easy and more salutary, in 
proportion as we go to rest and rise every day at the same 
hours; and observes that this periodicity seems to have a 
reference to the saottons of the solar system. 

Now how should such a reference be at first established 
in the oonstitution of man, animalsj and plants, and trans- 
mitted from one veneration of them to another? If we sup- 
pose a wise and benevolent Creator, by whom all the parts 

'.Bsppocts dtt Flifflqae et du Moral da I'Homme, a 871. 
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of nature were fitted to their usea and to each other, thk k 
what we might expect and can understand. On any other 
supposition such a fojct appears altogether incredible and 
inconceivable. 



CHAPTER m: 

The Maaa qftke Earth. 

Ws shall now consider the adaptation which may, as w« 
conceive, be traced in the amount of some of the (quantities 
which determine the course of events in the orjB^mc world; 
and especiaUy in the amount of the/orcea which are in ac- 
tion. The life of vegetables and ammals implies a constant 
motion of their fluid parts, and this mcAion must be produced 
by forces which urge or draw the particles of tne fluids. 
The positions of the parts of vegetaoles are also the result 
of the flexibility and elasticity or their substance; the vo- 
luntary motions of animals are produced by the tension of 
the muscles. But in all those cases, the effect really pro- 
duced, depends upon the force of gravity also ; and in order 
that the motions and positions may be such as answer their 
purpose, the forces which produce them must have a due 
proportion to the force of gravity. In human worics, ii^ for 
mstance, we have a fluid to raise, or a wei^t to move, 
some calculation is requisite, in order to determme the power 
which we must use, relatively to the work which is to be 
done : we have a mechanical problem to solve, m order that 
we may adjust the one to the other. And the same adjust- 
ment, the same result of a comparison of quantities, mani- 
fests itself in the relation which the forees of the organio 
WOTid tear to the force of gravity. 

*'^® *J.'ce of ffravity migfet, so far as we can judge, have 
been different from what it now is. It depends upon the 
mass of the earth; and this mass is one of the elements of 
tne solar system, which is not determined by any cosmical 
necessity of which we are aware. The masses of the se- 
ISJ^fr^^ are very diffiarent, and do not appear to follow 
»7 a«(eaiunate rule, except that upon the whole thoea 
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Bearer the sun appear to be smaller, and those nearer to the 
outskirts of the svstem to be larger. We cannot see any 
thin^ which would have p^revented either the size or the 
density of the earth from being different, to a very great ex 
tent, n-om what they are. 

Now, it will be very obvious that if the intensity of gravity 
were to be much increased, or much diminished, if every ob- 
ject were to become twice as heavV} or only half as heavy 
as it now is, all the forces, both of mvoluntary and volun- 
tary motion which produce the present orderly and suitable 
results by being properly proportioned to the resistance 
which they experience^ would be thrown off their balance ; 
they would produce motions too quick or too slow, wrong 
positions, jerks and stops, instead of steady, well conducted 
movementik The universe would be like a machine ill re- 
gulsoed ] every thin^ would go wronff ; repeated collisions 
and a rapid disorganization must be the consequence. We 
will, however, attempt to illustrate one or two of the cases 
in which this would take place, by pointing out forces which 
act in the organic world, and which are adjusted to the force 
of gravity. 

L The first instance we shall take, is the force manifest- 
ed by the ascent of the sap in vegetables. It appears by a 
multitude of indisputable experiments, famonk the rest, 
those of Hales, Mirbel, and Dutrochet,) that alTplants im- 
bibe moisture by their roots, and jymm U up. by some in- 
ternal force, into everv part of their name, distributing it 
into every leal It will he easily conceived that this ope- 
ration must require a very considerable mechanical force ; 
lor the fluid mustbe sustamed as if it were a sinjgle column 
reaching to the top of the tree. The division into minute 
parts and distribution through small vessels does not at all 
diminiah the total force requisite to raise it li^ for in- 
stance, the tree be thiity-three feet high, the pressure must 
be fifteen pounds upon every square inch in the section of 
the vessels of the bottom in order merely to support the 
sap. And it is not only supported, but propelled upwards 
with great force, so as to supply the constant evaporation 
rf the leaves. The pumping power of the tree must, there^ 
fyn. be very considerable. 

That this power is great, has been confirmed by various 
euciouB experiments, especially by those of Hales* He 
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neaiured the force with which the stems and branches of 
trees draw the fluid from below, and push it upwards. Hs 
found, for instance, that a vine in the oleeding season could 
push up its sap in a glass tube to the height of twenty-one 
feet above the stump of an amputated branch. 

The force which produces this efl^Bct is part of the eco- 
nomy of the vegetable world ; and it is clear that the due 
operation Qf the force depends upon its beine righUy pro* 
portioned to the force of gravity. The we^nt of the nuid 
must be counterbalanced, and an excess of rorce must exist 
to produce the motion upwards. In the common course of 
vegetable life, the rate of the ascent of the sap is regulated, 
on the one hand, by the upward pressure of the vegetable 
power, and on the other, by the amount of the gravity of 
the fluid, alon? with the other resistances, which are to be 
overcome. I^ therefore, we suppose gravity to increase, 
tl^ rapidity of this vegetable circulation will diminish, and 
the rate at which the mnction proceeds, will not correspond 
either to Uie course of the seasons, or the other physiological 
processes with which this has to co-operate. We might 
easily conceive such an increase of gravitv as would stop the 
vital movements of the plant in a very short time. In like 
manner, a diminution oi the gravity of the vegetable juices 
would accelerate the rising of the sap, and would, proba- 
bly, hurry and overload the leaves and other organs, so as 
to interfere with their due operation. Some injurious 
change, at least, would take place. 

Here, then, we have the forces of the minutest parts of 
vegetables adjusted to the magnitude of the whole mass of 
the earth on which they exist. There is no apparent con- 
nection between the Quantity of matter of the earth, and the 
force of imbibition oi the roots of a vine, or the force of pro* 

Eulsion of the vessels of its Jbranches. Vet these things 
ave such a proportion as the well beins of the vine re- 
auires. How is this to be accounted for, but by supposing 
lat the circumstances under which the vine was to grow, 
were attended to in devising its structure ? 

We have not here pretended to decide whether this force 
of propulsion of vegetables is mechanical or not, because 
the argument is the same for our purpose on either suppo- 
sition. Some very curious experiments have recently been 
nade, (by M. Dutrochet,) which are suppoied to show tliai 
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the feree is mechanioal; fhat when two different fluids ari 
ieponUed by a thip membrane, a force which M. Dutro* 
cbet calls eTidosTnoae urges one fluid through the mem' 
l>rane : and that the roots ot plants are provided with small 
vesicles which act the part or such a membrane. M. Pois' 
son has further attempted to show that this force of endos* 
mose maybe considered as a particular modification of capil- 
lary actum 4f these views be true, we have here two 
mechanical forces, capillary action and gravity, which are 
adjusted to each other in thie manner precisely suited to tha 
welfiure of vegetables. 

2. As another instance of adaptation between tl^ force 
of gravity and forces which exist in the vegetable world, 
we may take the positions of flowers. Some flowers grow 
with the hoUowof their cup upwards: others '<hang the 
penzive head," and turn the opening downwards. Mow of 
these ^'noddmg flowers," as Linnsus calls them, he ob- 
serves that they are such as have their pistil longer than 
the stamens; and, in consequence of this position, the dust 
from the anthers which are at the ends of the stamens cfiui 
fall upon the stigma or extremity of the pistil; which pro- 

ess is requisite for making the flower fertile. He gives as 
instances the flowers campantUci^ leucotum^ galarUhuSf 
frUiUofria, Other botanists have remarked that the posi- 
tion changes. at different periods of the flower's progress. 
The pistil of the Euphorbia (which is a little glolse or ger- 
men on a slender stalk) grows uprij^ht at first, and is taiJer 
than the stamens : at the period suited to its fecundationi 
the stedk bends under the weight of the ball at its extremity, 
so as to depress the germen oelow the stamens; after thuL 
It again b^mes evect, the globe bemg now a fruit filled 
with fertile seeds. 

The positions in all these cases depend upon the length 
«nd flexibility of the stalk which supports the flower, or in 
the case of the £hiphorbia, the germen. It is clear that a 
very slight alteration in the force of gravity, or in the stiff- 
ness of the stalk, would entirely alter the position of the 
flower cup, and thus make the continuation of the species 
impossible. We have therefore here a little mechanical 
contrivance, which would have been frustrated if the pro« 
per intensity of gravity had not been assumed in the reckon- 
Big* An earth greater or smaUer, denser or rarer than th« 
C2 
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titm on which we live, would require a change m the atroe* 
ture aud Btrength of the footatalke of all the little floweiB that 
hang their head» under our hedges. There la lomettuna 
euriouB in thus coneidermg the whole mass of the earth 
from pole to pole, and from circumference to centre, as em- 
ployed in keeping a snowdrop ki the position most suited 
to the promotion of its vegetable healtii. 

it would be easy to mention many other parts of the eco- 
nomy of vegetable life, which depend for thetr use on their 
adaptation to the force of gravity. Such are the forces and 
condition^ which determme the positions of leaves axid of 
branches. Such again those parts of the vegetable consti- 
tution which have reference to the pressure of the atmos- 
p4btere ; for differences in this pressure appear to exercise a 
powerful influence on the functions of plants, and to require 
differences of structure. But we pass over these consider- 
ations. The slightest attention to the relations of natural 
objects will show that the subject is inexhaustible ; and all 
that we can or need do is to give a few examples, such a» 
may show the nature of the impression which the examinar 
tion of the universe produces. 

3, Another instance of the adjustment of organic strucji^ 
ture to the force of gravity may be pointed out in the mut$ *^ 
cular powers of animals. If the force of gravity were in\ 
creased in any considerable proportion at the surface of the V 
earth, it is manifest that ail the swiftness, and strength, and ^ 
grace of animal motions must disappearr I^ for instance, 
the earth were as large as Jupiter, gravity would be eleven 
times what it is, the Tightness .of the fawn, the speed of the 
hare, Uie spring of the tiger, could Do lon^r exist with ther 
existing muscular powers of those animais ; for man to lift 
himself unright, or to crawl from place to place, would ba 
a labour slower and more painful than the motions of the 
sloth. The density and pressure of the air too would be 
increased to an intolerable extent, and the operation of re- 
spiration, and others, which depend upon these mechanical 
properties, would be rendered laborious, ineffectual, and. 
probably impossible. 

If, on the other hand, the force of gravity were much 
lessened, inconveniences of an opposite kind would ocdUr. 
The air would be too thin to breathe ; the weight of our ^ 
diea and of all the aubalaoceaaurrauadaigusr would becoDM 
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too slight to resiBt the perpetually occurring causes of de- 
rangement and unsteadmess : we should fiBela want of bal* 
last in our movements. 

It has sometimes been maintained by fanciful theorists 
that the earth is merely 'a shell, and that the central parts 
are hollow. All the reasons we can collect appear to oe in 
favour of its being a solid mass, considerably denser than 
any known rock. If this be so, and if we suppose the in- 
tenor to be at any time scooped out, so as to kave only such 
a shell as the above mentioned speculators hate asserted, 
we should not be left in ignorance of the change, though 
the appearance of the surface might remain the same* Ws 
should discover the want of the usual force of gravity, by 
the instability of all about us. Things would not lie where 
we placed them, but would slide away with the slightest 
push. We should have a difficulty in standing or walkincpi 
something like what we have on shif-'board when the dea( 
is inclined; and we should stagger helplessly through an 
atmosphere thinner thsui that which oppresses the respira* 
tbn or the traveller on the tops of the nighest mountains. 

Wersee therefore that those dark and unknown central 
poiticms of the earth, which are placed fietr beyond the reach 
of the miner and the geologist, and of which man will pro« 
bafaly never know any thing directly, are not to be consi« 
dered as quite disconnected with uS} as deoosits of useless 
' lumber wiUiout effect or purpose. We feel their influence 
on every ^p we take and on every breath we draw i and 
the powers we possess, and the comforts we enjoy, would 
be unprofitable to us, if they had not been jprepared with a 
reference to those as well as to the near and visible portions 
of the earth's mass. 

The arbitrary quantity, therefore, of which we have been 
treating! the intensity of the force of gravity, appears to 
have been taken account of, in establishing the laws of those 
forces by which the processes of vegetable and animal /ife 
are earned on. And this leads us inevitably^ we conceive^ 
to the belief of a supreme contriving mind| by which thttf 
laws wete thus demised and thus established* 



OHAPrKRIT. 
TSt atagitUiide qfthe Octan. 

Ta»B an WTeral ajbiirary quuititiea which eantribnW 
lo detenniiH ths atiU of thingg st Ihs earth's i udkec bt- 
■idet thoH alntdy mentioned. Same of theu we ihai) 
briefiy refer u, vithcat pumiing the aubjccl into deUuL 
We wish nnt only la showthat the propertiei and proceuea 
of vegetable and aDimal life mun be odjuited to sach of ibeie 
quanticiee in particular, but also to point out how amncroui 
ftud complicated the couditiona of Che diatenca of o^arh 
ized beings s.re ; and we ihali thiu hn led lo think leM in- 
adequalely af the intelli^nce whicli ha* embikced at once, 
uid oombmed without confusion, all Ifiese conditioiu. We 
appear thus to bo oondueted to the conviction not onljr of de- 
al^ and intention, but of Bupreme knowledge and wisdoai. 

One of the nuanliliea which enien into the conalitulion of 
the terreatrial system of things is the bulk of the wweni of. 
Ibe ocean. Ths mean depth of the sea, ac^nrding- to the 
calculations of Laplace, is fear or &ve milea. On uiis sup- 
position, the addition to the sea of one-fourth of the existing 
waters would drown the whole of the globe, except a few 
chains of mounlains. Whether this be exact or no, we can 
easily conceive the quantity of water which lies in the ev 
-■■->*of oaf globs to be greater or less than it at pmaentis, 

iBiderable, many of th 
be altered, it may be eumcient to mention one eneci oi 
such a change, Ths sources which water the earth, both 
clouds, tains, and rivers, are mainly ftd by the aqueous w 
soui raised from the sea ; and therefore if the sea were louch 
Qiroinished^ and the land increased, the mean quantity of 
inoismre distributed upon the land must be diminished, and 
the character of cfimates, as to wet e.a^ dry, mint be ma- 
tsnally affBoied. Similar, but opposite changes would re- 
sult from the iocreaie of the surface of the ocean. 

It appean then that the magnitude of the ocean u one of 
™e conditions to which the slruolnre of all organized being! 
wnjch ua dapendent upon climatB must be adapted. 
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CHAPTER V. 
71ie diagftUude qfthe Ahnoapktre. 

Tns total quantity of air of which our atmofphere ii 
<KHnpo«ed is another of the arbitrary magnitudes of our ter- 
rei^rial system ; and we may apply to this subject conside- 
ra^ns suiilar to those of the last section. We can see no 
reason why the atmosphere might not have been larger in 
eomparioon to the globe which it surrounds ; those of mars 
and J upiter appear to be so. But if the quantity of air were 
mcreased, the structure of organized beings would in many 
ways cease to be adapted to their place. The atmospherio 
pressure for instance* would be mcreased, which, as we 
nave already noticed, would require an alteration in the 
■tnicture of vegetables. 

Another way in which an increase of the mass of the at- 
mosphere >Rrould produce inconvenience would be in the 
force of winds. It the current of air in a strong gale were 
doubled or tripled, as might be the case if the atmosphere 
were augmented, the destructive effects would be more than 
doubled or tripled. With such a change, nothing could 
stand affainst a storm. In general, houses and trees resist 
the viofence of the wind ; and except in extreme cases, as 
for instance in occasional hurricanes in the West Indies, a 
few large trees in a forest are unusual trophies of the power 
Of the tempest. The breezes which we commonly have are 
harmless messengers to bring about the salutary changes of 
the atmosphere, even the motion which they communieate 
to vegetables tends to promote their growtn, and is so ad- 
vantageous, that it has been proposed to imitate it by artifi- 
cial breezes in the hothouse. But with a stream of wind 
blowine against them, like three, or five, or ten, ^ales com 
pressed into the space of one, none of the existing tree9 
eould stand ; and except they could either bend like rushes 
in a stream, or extend their roots far wider than their branch- 
es, they must be torn up in whole groves. We have thus a 
manifest adaptation of the present usual strength of thema- 
ierials and of the workmanship of the world to the stress of 
wind and weather which they have to sustain. 
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CHAPTER VI. 

ThB Corutaney and Variety qf CUmaie$. 

It hi possible to conceive amqgements of our system, ts* 
oording to which all pans of the eurth might have the saipe^ 
or nearly the same, climate. I^ for example, we soppoaa 
the earth to be a flat disk, or flat ring, like the rine of Sa* 
tum, revolving in its own plane as that does, esMUi part of 
both the flat swchjcea would nave the same exposure to the 
sun, and the same temperature, so &r as the sun's e^ct is 
concerned. There is no obvious reason why a planet of 
such a form might not be occupied by animals and ve^peta* 
bles, as well as our present earth ; and on this suppositicNi 
the climate would be every where the same, and the whole 
surface might be covered with life^ without the necenity of 
there bein^ any difference in the kmd of inhabitants bek)ngw 
ing to different parts. 

Affain, it is possible to conceive arrangements according 
to which no part of our planet should have any steady cli- 
mate. This may probably be the case with a comet. If 
we suppose such a oody, revolving round the sun in a very 
oblong ellipse, to he of small size and of a very high temp»> 
rature, and therefore to cool rapidly ; and if we suppose it 
also to be surrounded by a large atmosphere, composed of 
various gases; there would, on the surrace of such a body, 
be no average climate or seasons for each place. The years, 
if we give mis name to the intends of time occupied by its 
successive revolutions, would be entirely unlike one another. 
The greatest heat of one year might be cool compared with 
the greatest cold of a preceding one. The greatest heats 
and colds might succeed each other at intervus perpetually 
unequal^ The atmosphere might be perpetually changing 
its composition by the condensation of some of its constitu- 
ent gases. In the operations of the elements, all would be 
incessant and rapid cnanee, without recurrence or compen* 
sation. We c^not say that organized beings could not be 
fitted for such a habitation ; but if they were, the adaptation 
imist be made by means of a constitution quite different from 
tlut of almost all organi^d beings known to us. 
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annual temperature will then be the average of all the 
heights of the thermometer for every day in the yefcf . 

The mean annual temperature of London, thus measure^ 
if about 60 degrees 4-lOths. The frost of the year 1778 
was BO severe that the Thames was passable on the ice ; 
the mean temperature of that year was 60 degrees 6-lOthi^ 
being within a small fraction oi a degree of the standard. In 
179^ when the greatest cold ever observed in London oo- 
eurred, the mean temperature of the year was 60 degrees 
1-lOth, which is likewise within a fraction ofadejgreeof 
the standard. In the severe winter of 1813-14, when the 
Thames, Tyne, and other large rivers in England were 
completely frozen over, the mean temperature of the two 
years was 49 degrees, being little more than a degree below 
the standard. And in the year 1808, when the summer 
was so hot that the temperature in London was as high as 
93 1-2 degrees, the mean heat of the year was 60 1-2, which ' 
is about mat of the standard. 

The same numerical indications of the constancy of cli« 
mate at the same place mig[ht be collected from the records of 
other instruments of the kind abovementioned. 

We shall, hereafter, consider some of the very comnlex 
agencies by which this steadiness is produced ; and snail 
endeavour to point out intentional adaptations to this object. 
But we may, m the meantime, observe how this property of 
the atmospherio changes is made suoservient to a further 
object. 

To this constancy of the climates of each place, the Btru&> 

ture of plants is adapted; almost all vegetables require a 

^rucular mean temperature of the year, or of some season 
OI roe *"'"'"- — 




^leh flourishes where the mean temperature is 66 degrees, 
™"°P"P« Mwi wither when removed to a region where the 
■7r™f* ■■ W degrees. It therefore, the average at each 
PJJ2T?* ^o.^nr as much as this, our plants with their 
PJCTO co^ttutions would suffer, languish and soon die. 
■sft«u«iT« V '*«^y understood that the same mode of 
tSTS^mS^^^ which we learn the constancy of climate 
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wVWdjftient placet. While the variatione of the m 
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xegion vanish when we take the averages even of moderate 
periods, those of distant countries are fixed and perpetual | 
and stand out more clear and distinct, the longer is the in- 
terval for which we measure their operation. 

In the way of measurinealready described, the mean tem- 
perature of Petersburg is^ degrees, of Rome 60, of Cairo 
72. Such observations as these, and others of the same 
kind, have been made at various places, collected and re- 
corded ; and in this way the surfietoe of the earth can be di- 
vided by boundajnr lines into various strips, according to 
these physical differences. Thus, the zones which take in 
all the places having the same or nearly the same mean 
annual temperature, have been called taotkermdl zones. 
These zones run nearly parallel to the equator, but not ex- 
actly, for, in Europe, they bend to the north in going east- 
ward. In the same manner, the lines passing through all 
places which have an equal temperature for the summer or 
the winter half of the year, have been called respectivelv 
iaotkercU and isoeAtmoT lines. These do not coincide with 
the isothermal lines, for a place may have the same tempe- 
rature as another, though ita summer be hotter and its win- 
ter colder, as is the case of Pekin compared with London. 
In the same way we mifht conceive lines drawn according 
to the eonditions of clouas, rain, wind, and the like circuro- 
■tances, if we had observations enough to enable us to lay 
down such lines. The course of vegetation depends upon 
the combined influence of all such conditions ; and the lines 
viiiich bound the spread of peuticular vegetable productions 
do not, in most cases, coincide with any of the separate me- 
teorological boundaries above spoken oi*. Thus, the north- 
em limit of vineyards runs through France, in a direction 
very nearly norui-east and south-west, while the line of 
equal temperature is nearly east and west. And the spon- 
taneous growth or advantageous cultivation of other plants^ 
Is ID like manner bounded by lines of which the course de- 
pends upon very complex causes, but of which the positk>n 
m genenlly pnciN and fixed. 
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CHAPTER VII. 

The Variety qf Organization^ corresponding to the V» 

.riety qf Climate, 

Thb organization of plants and animals is in different 
tribes formed upon schemes more or Jess different, but in all 
cases adjusted m a general way to the course and action ot 
the elements. The differences are connected with the dif- 
ferent habits and manners of living which belong to different 
species ; and at any one place the various species, both of 
animals and plants, have a number of relations and mutual 
dependences arising out of these differences. But besides 
the differences of this kind^ we find in the forms of organic 
life another set of differences, by which the animal and ve- 

getable kingdom are fitted foe that variety in the climates of 
le earth, which we have been endeavouring to explain. 
The existence of such differences is too obvious to re- 

auire to be dwelt upon. The plants and animals which 
ourish ai^ thrive in countries remote from each other, offer 
to the eye of the traveller a series of pictures, which, even 
to an ignorant and unreflective spectator, is full of a pecu* 
liar and fascinating interest in consequence of the novelty 
and strangeness of the successive scenes. 

Those who describe the countries between the tropics, 
speak with admiration of the luxuriant profusion and rich 
variety of the vegetable productions of those regions. Ve- 
getable life seems there far more vigorous and active, the 
circumstances under which it goes on, far more favourable 
than in our latitudes. Now if we conceive an inhabitant oi 
those regions, knowing, from the circumstances of the earth's 
form and motion, the di&rence of climates which must 
prevail upon it, to guess, from what he saw about him, the 
condition of other parts of the globe as to vegetable wealth, 
is not likely that ne would suppose that the extratropical 
climates must be almost devoid of plants! We know that 
^e ancients, living in the temperate zone, came to the con- 
clusion that both the torrid and the frigid zones must be un- 
inhabitable. In like manner the equatorial reasoner would 
probably conceive that vegetation must cease, or gradually 
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die away, ai he should proceed to places further and further 
removed from the geuial influence of the sun. The mean 
temperature of his year being about 80 degreen^ he would 
harcUy suppose that any plants could subsist through a year, 
where the mean temperature was only 5(X where the tem- 
perature of the summer quarter was only o4, and where the 
mean temperature of a whole quarter of the year was a very 
few decrees removed from that at which water becomes so- 
lid. He would suppose that scarcely any tree, shrub, or 
flower could exist m such a state of things, and so &r as 
the plants of his own country are concerned, he would 
ju^e rightly. 

But the countries further removed from the equator are 
not left thus unprovided. Instead of being scantily occu- 
pied by such of the tropical plants as could support a stunt- 
ed and precarious life in ungenial climes, they are abun- 
dantly stocked with a multitude ot vegetables which ap- 
pear to be constructed expressly for them, inasmuch as these 
species can no more flourish at the equator than the equa- 
torial species can in these temperate regions. And such 
new supplies thus adapted to new conditions, recur per- 
petually as we advance towards the apparently frozen and 
untenantable regions in the neighbourhood of the pole. 
Every zone has its peculiar vegetables : and as we miss 
some, we find others make their appearance, as if to re- 
place those which are absent. 

if we look at the indigenous plants of Asia and Europe, 
we find such a succession as we have here spoken of. At 
the equator we find the natives of the Spice Islands, the 
eioye and nutmeg trees, pepper and mace. Cinnamon bushes 
clothe the surface of Ceylon ; the odoriferous sandal wood, 
the ebony tree, the teak tree, the banyan, grow in the East 
Indies. In the sam^ latitudes in ^abia the Happy we 
find balm, frankincense and myrrh, the coffee tree, and the 
tamarind. But in these countries, at leut in the plains, 
the trees and shrubs which decorate our more northerly 
climes are wanting. And as we go northwards, at every 
step we change the vegetable group, both by addition and 
by subtraction. In the thickets to the west of the Caspian 
eea we have the aprico^ citron, peach, walnut. In the 
same latitude in Spain, Sicily, and Italy, wc find the dwarf 
pain), the cypress, chesnut, the cork tree t the orange and 
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lemon tree perfume the air with their bkMsome ; the myitlf 
and pomegranate grow wild among the rocki. We cro« 
the Alps, and we find the ve^tation which beloogi to 
northern £urope, of which Enguuid is an instance. Tht 
oak, the beech, and the elm are natives of Great Britain: 
the elm tree seen in Scotland, and in the north of England, 
is the wych elm. As we travel still further to the north the 
forests again change their character. In the northern pnh 
vinces of the Russian empire are found forests of the yar^ 
ous species of firs : the Scotch and spruce fijr, and the 
larch. In the Orkney Islands no tree is found but the bar 
zel, which occurs a^ain on the northern shores of the Bal- 
tic. As we proceed mto colder regions we still find spadei 
which appear to have been made tor these situations. Tba 
hoary or cold elder makes its appearance north of Stock- 
holm : the sycamore and mountain ash accompan^r ub to 
the head of the gulf of Bothnia : and as we leave this and 
traverse the Dophrian range, we pass in succession the 
boundary lines of the spruce fir, the Scotch fir, and thoM 
minute shrubs which botanists distinguish as the dwarf 
bir(}h and dwarf willow. Here, near to or within the arctio 
circle, we yet find wild flowers of great beauty ; the meze- 
reum, the yellow and white water lily, and the European 
globe flower. And when these fail us, the reindeer mou 
makes the country habitable for animals and num. 

We have thus a variety in the laws of vegetable organi- 
zation remarkably adapted to the variet}r of climates ; and 
by this adaptation th'e globe is clothed with vegetation and 
peopled with animals from pole to pole, while without such 
an adaptation vegetable and animal life must have been 
confined almost, or entirely, to some narrow zone on the 
earth's surface. We conceive that we see here the evi- 
dence of a wise and benevolent intention, overcoming the 
varying difficulties, or employing the varying resources of 
the elements, with an inexhaustible fiertility of contrivance, 
a constant tendency to diffuse life and well beine. 

2. One of the great uses to which the vegetable wealth of 
the earth is applied, is the support of man, whom it pro- 
vides with fooa and clothing ; and the adaptation of tnbe« 
of indij^enous vegetables to every climate has, we cannot 
but believe, a reference to the intention that the human race 
■hould be diffused over the whole globe. But this end is 
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* 

BBwered by indigenous vegetables alone } tad- in the 
7 of vegetables capable m being cuUivaUd wkh ad- 
ge in various countries, we conceive that we find evi- 
t of an additional adaptation of the scheme of organic 
) the sjstem of the elements. • 

B cultivated vegetables, which form the necessaries or 
ies of human me, are each confined within Umits, nar- 
when compared with the whole surfieu^ of the earth ; 
most every part of the earth's sorfebce is capable of 

abundantly covered with one kind or other of thes^. 
I one class fails, another appears in its place. Thus 
wine, and oil, have each its boundaries. Wheat -ex- 
through the old Continent, from England to Thibet : 

stops soon in going northwards, and is not found to 
ed in the west of Scotland. Nor do«s it thrive better 
torrid zone than in the polar regions . wiUiin the tro- 
wheat, barley and oats are not cultivated, excepting 
lations considerably above the level o! the sea : the 
itants of those countries have other species of grain, 
IT food. The cultivation of the vine succeeds only in 
ries where the annual temperature is between 60 and 
prees. In both hemispheres, the profitable culture of 
iant ceases within 30 degrees of tne emiatoijunless in 
ed situations, or in islands, as Tenerine. The limits* 

cultivation of maize and of olives in Fr^ce are pa- 
;o those which bound the vine and com in succession 
north. In the north of Italy, west of Milan, we first 
with the cultivation of rice : which extends overall 
uthem part of Asia, wherever the land can be at plea^ 
»vered with water. In great part of Africa milkt is 
' the principal kinds of ^rain. 
ton is cultivated to latitude 40 in the new world, but 
Lb to Astrachan in latitude 46 in the old. The sunur 
the plantain, the mulberry, the betel nut, the indigo 
be tea tree, repay the labours of the cultivator in India 
hina ; and several of these plants have been transfep- 
rith success, to America and the West Indies. In 
tctial America a great number of inhabitants find 
adt nourishment on a narrow space cultivated with 
in, cassava yams, and maize. The bread fruit tree 

to be cultivated in the Jdanillas, and extends through 
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the Pacific; the laffo palm in the Moluccaa^ the colibi^ 
tree in the Pelew iuiwds. 

In this manner the varioui tubes of men are pjroviilad 
with ve^table food. Some however live cm their cattfei 
and thus make the produce of the earth only mediately sub* 
servient to their wants. Thus the Tartar tribes depend on 
their flocks and herds for food t the taste for the flesn of the 
horse seems to belong to the Mongols, Fins^ and other ds« 
scendants of the ancient Scythians : the locust eaters are 

' found now, as formerly, in Africa. 

Many of these differences depend upon custom, soil, and 
other causes with which we do not here meddle ; but many 
are connected with climate j and the variety of the resour- 
ces which man thus possesses, arises from the variety of 
constitution belonging to cultivable vegetables, through 
which one is fitted to one ran^e of climatej and anckher to an- 
other. We conceive that this variety and succession of fit' 
ness for cultivation, shows undoubted marks of a most fore- 
seeing and benevolent design in the Creator of man aod of 
the world. 

3. By diftrenees in vegetables of the kind we have above 
described, tl^ sustentation and gratification of man's physi' 

, Cal nature is copiously provided for. But there is another 
circumstance, a result of the difierence of the native pn>< 
ducts of different re^ons, and therefore a consequence of 
that difference of climate on wRich the difference of native 
products depends,* which appears to be wcuthy our notice. 
The difference of the productions of different countries has 
a bearing not only upon the physical, but upon the social 
and moral condition oi man. 

The intercourse of nations in the way of discovery, coIo* 
nization, commerce ; the study of the natural historyi man^ 
ner^ institutions of foreign countries; lead to most nume« 
rous and important results. Without dwelling^ upon this 
subject, it ypll probably be allowed that such mtercourse 
has a epreat influence upon the comforts, the prosperity, th« 
arts, the literature, the power, of the nations which thus 

*It will be observed that it is not here asserted that the dilfoi:^ 
ence of natiyi prodosts depends on the diffsrenss of oUmsM 
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eommtmieate. Now the variety of the produetionB of dif- 
ferent landi suppiieB both the stimulus to this intercourse, 
luid the instruments by which it produces its effects. Tho 
desire to possess the objects or the knowledge which fo- 
reign countries alone c^n supply, urges the tr»ler, the tra- 
Ireller, the discoverer to compass land and sea; and the 
progress of the arts and advantages of civilization consists 
almost entirely in the cultivation, the use, the improvement 
of that which has been received from other countries. 

This is the case to a much greater extent than might at 
first sight be supposed. Where man is active as a culti- 
vator, ne scarcelv ever bestows much of his care on those 
Yegetables whicn the land would produce in a state of na- 
ture. He does not select some of tne plants of the soil and 
improve them by careful culture, but for the most part, he 
expels the native possessors of the land, and introduces co« 
lonies of strangers. 

Thus, to take the condition of our own part of the globe 
as an example ; scarcely one of the plants which occupy 
our fields and gardens is indigenous to the country. Tne 
walnut and the peach come to us from Persia; the apricot 
from Armenia: from Asia Minor, and Syria, we have the 
cherry tree, the fig, the pear, the pomegranate, the olive, 
the pUim, and the mulberry. The viae which is now cultiva- 
ted IS not a native of Europe ; it is found wild on the shores 
of the Caspian, in Armebia and Caramania. The most 
useful species oi plants, the cereal vegetables, are certainly 
•trangers, though their birth place seems to be an im^ne- 
trable secret. I^me have fancied that barley is found wild 
on the banks of the Semara, in Tartarv, rye in Crete, 
wheat at Baschkiros, in Asiai but this is held by the best 
botanists to be very doubtful. The potatoe, which has been 
10 widely diffused over the world in modem times, and has 
lidded so much to the resources of life in many countries, has 
been found equally difficult to trace back to its wild condition. 

!niU8 widely are spread the traces of the connexion of 
the progress of civilization with national intercourse. In 
oar own eoai»try a higher state of the arts of life is marked 
by a mors ready and extensive adoption of foreign produce 
tuns. Our fieios are covered with herbs from Holland, and 
roots from Germany; with Flemish ferminff and Swedish 
lonups ; our hilit with forests of the firs of Norway. Tha 

6 
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chesnut and poplar of the south of Europe adorn oar lawi!% 
and below tnem flourish shrubs and flowers from ever/ 
clime in profusion. In the mean time Arabia improve* 
our horses, China our pi^ North America our poukrj, 
Spain our sheep, and almost every country sends its dog. 
The products which are ingredients in our luxuries, and 
which we cannot naturalize at home, we raise in our colo- 
nies ; the cotton, coftee, sugar of the east are thus trans- 
planted to the farthest west ; and man lives in the middle 
of a rich and varied abundance which depends on the faci- 
lity with which plants and animals and modes of culture 
can be transferred into lands far removed from those in 
which nature had placed them. And this plenty and va- 
riety of material comforts is the companion and the mark 
of advantages and improvements in social life, of progress 
in art and science, of activity of thought, of energy oipur- 
pose, and of ascendancy of character. 

The diflerences in the productions of different countries 
which lead to the habitual intercourse of nations, and 
through this to the benefits which we have thus briefly 
noticed, do not all depend upon the differences of temperar 
tnre and climate alone. But these differences are among 
the causes, and are some of the most important causes, or 
conditions, of the variety of products ; and thus that arrange^ 
ment of the earth's form and motion from which the di^r- 
ent climates of different places arises, is connected with the 
sonicd and moral welfare and advancement of man. 

We conceive that this connexion, though there must be 
\o our apprehension much that is indefinite and uncertain 
in tracing its details, is yet a point where we may perceive 
the profound and comprehensive relations established by the 
council and foresight of a wise and good Creator ot the 
world and of man, by whom the progress and elevation of 
the human species was neither uncontemplated nor uncared 
for. 

4. We have traced, in the variety of organized beings, 
an adajdation to the variety of climates, a provision for the 
sustentation of man all over the globe, and an inatrumeTd for 
the promotion of civilization and many attendemt benefits. Wo 
have not considered this variety as itself a purpose which 
wo can perceive or understand without reference to some 
ulterior end. Many persons, however, and especially \3aam 
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irho ara already in the habit of referring the world to its 
Creator, will probably see something admirable in itself in 
this vast variety of created things. There is indeed some- 
thing well fitted to produce and confirm a reverential "ttron- 
der, in these apparently inexhaustible stores of new forms 
of being and modes of existence ; the fixity of the laws of 
each CUU38, its distinctness from all others, its relations to 
many. Structures and habits and characters are exhibited, 
which are connected and distinguished according to every 
eonceivable degree of subordination and analogy, in their 
resemblances and in theic difiisrences. Every new coun- 
try we eznlore presents us with new combinations, where 
the possible cases seem to be exhausted; and with new 
resemblances and differences, constructed as if to elude 
what conjecture might have hit upon, by proceeding from 
the old ones. Most of those who have any large portion of 
nature brought under their notice in this point of view, are 
led to feel that there is, in such a creation, a harmony, a 
beauty, and a dignity, of which the impression is irresisti- 
ble ; which would have been wanting in any more uniform 
and limited system such as we might try to imagine ; and 
w^iich of itself gives to the arrangements by which such a 
variety on the earth's surface is produced, the character of 
well deyised means to a worthy end. 



CaAPTEE VIIL 

T%e ConsHiuenta qf CUmaie. 

Wp have fpoken of the steady average of the climate at 
each place, of the difference or this average, at difierent 
places, and of the adaptation of organizea beings to this 
character in the laws of the elements by which they are 
affected. But this steadiness in the general effect of the 
elements, is the result of an extremely complex and exten- 
sive machinery. Climate, in its wider sense, is not one sin- 
gle agent, but is the aggregate result of a great number of 
oi^rent agents, governed by different laws, |)roducing ef- 
ItcU of various kinds. The steadiness of this compound 
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agency is not the steadiness of a permanent condition, likA 
that of a body at rest ; but it is the steadiness of a state ol 
constant change and movement, succession and altemationi 
seeming accident and irregularity. It is a perpetual repose, 
combined with a perpetual motion ; an invariable average 
of most variable quantities. Now, the manner in which 
such a state of things' is produced, deserves, we ecmceive, a 
closer consideration. It may be useful to show how the 
particular laws of the action of each of the elements of cli- 
mate are so adjusted that they do not disturb this genarsl 
constancy. 

The principal constituents of climata are the following : — 
the temperature ol the earth, of the water, of the air : — the 
distribution of tiie aqueous vapour contained in the atmos- 
' phere ; — the winds and rains by which the equilibrium of tiia 
atmosphere is restored when it is in any degree disturbed. 
The effects of light, of electricity, probably of other causes 
also, are no doubt important in the economy of the vegeta- 
ble world, but these agencies have not been reduced by sci- 
entific inquiries to such laws as to admit of their being treat- 
ed with tne same exactness and certainty which we can 
obtain in the case of those first mentioned. 

We shall proceed to trace some of the peculiarities in the 
laws of the aifferent physical agents which are in action at 
the earth's surface, and the manner in which these peculi- 
arities bear upon the general result 

ThR Laws qfHsat with reaped to the Earth. 

One of the main causes which determine the temperature 
of each climate is the effect of the sun's rays on the solid 
mass of the earth. The laws of this operation have been 
recently made out with considerable exactness experiment^ 
ally by Leslie, theoretically by Fourrier, and by other in- 
quirers. The theoretical inquiries have required the appli- 
cation of very complex and abstruse mathematical investir 
gations ; but the general character of the operation may, 
perhaps, be made easily intelligible. 

The earth, like ail solid bodies, transmits into its exterior 
the impressions of heat which it receives at the sur&ce : 
and throws off the superfluous heat from its nirfaee inta 
the surrounding space. These processes are called conduce 
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NDfi and raeMdMoii, axid have each their aBcertained mathe- 
nuitinal law. 

By the laws of conduction, the daily impressions of heat 
which Uie earth receivei^ follow each other into the interior 
oif the xnasti like the waves which start from the edge of a 
canal}* and like them, become more and more faint as 
they nraoeed, till they melt into the general level of the m- 
temaf temperature. The heat thus transmitted is accumu- 
lated in tae interior ai the earth, as in a reservoir, and 
flows (h>m one part to another of this reser>'oir. Tlie parts 
of the earth near the equator are more heated by the sun 
than other parts, and on this account there is a perf>etual 
imemal conduction of heat from the equatorial to other parts 
of the sphere. And as all parts of the surface throw off 
heat by radiation, in the polar regions, where the surface re- 
ceives little in return from the sun, a constant waste is pro- 
duced. There is thus from the polar parts a perpetual dis- 
persion of heat in the surrounding space, which is supplied 
oy a perpetual internal flow from the equator towards each 
pole. 

Here, then, is a kind of circulation of heat; and the 
<{UBntity and rapidity of this circulation, determine the quan- 
tity of neat in tne solid part of the earth, and in each por- 
tion of it ; and through this, the mean temperature belong- 
ioff to each point on its surmce. 

If the earth conducted heat more rapidly than it does, 
the inequalities of temperature would be more quickly ba- 
lanced, and the temperature of the ground (below the reach 
of annual and diurnal variations) would differ less than it 
dace. If the surface radiated more rapidly than it dues, 
the flow of heat from the polar regions would increase, and 
the temperature of the mterior of the globe would find a 
lower level ; the differences of temperature in different lati- 
tudes would increase, but the mean temperature of the iclobe 
voold dimmish. 

* The resemblance consists in this ; that we have a strip of 
gnster (emperatnre accompanied bj a strip of smaller tempera- 
nrsi these strips arising from the diurnal and nocturnal Irnpres- 
SkDS respfctivcly, and being in motion ; as in the waves on a 
canal, we have a moving strip of greater elevation accnmi)anied 
Iqrastrlpof smaller elevation. We do not here refers to any 
hypothettoal undulations in the fluid matter of heat 

5* 
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'There k nothing which, go feur ai we can perceive, de- 
termines neceBsarily, either the conductinejor the radiatine 
power of the earth to'ite present value. The measures <n 
such powers, intiifferent substances, differ very widely. If 
the earth were a globe of pure iron, it would conduct heatf 
probably, twenty times as well as it does ; if its surface 
were polished iron, it would only radiate one-sixUi as much 
as it does. Changes in the amount of the conduction and 
radiation far less Uian these, would, probably subvert tha 
whole thermal constitution of the earth, and make it unin' 
habitable by any of its present vegetable, or animal tenants. 
One of the results of the laws m heat, as they exist in the 

frlobe, is, that, by their action, the thermal state tends to a 
uniting condition, which, once reached, remains constant 
and steady, as it now is. The oscillations or excursions from 
the mean condition, produced by any temporary cause, are 
rapidly suppressed ; the deviations of seascms from their 
usual standard produce only a small and transient effect 
The impression of an extremely hot day upon the eround 
melts almost immediately into the average interned heat 
The effect of a hot summer, in like manner, is soon lost in 
its progress through the globe. If this were otherwise, ii 
the inequalities and oscillations of heat went (xq, through 
the interior of the earth, retaining the same value, or becom* 
mg larger and larger, we might liave the extreme heats m 
colds of one place making their appearance at anothei 
place after a long intervcQ; like a conflagration which 
creeps along a street and bunts out at a point remote fron 
its origin. 

It appears, therefore that both the present differences oi 
climate, and the steaainess of the average at each plac^ 
depend upon the form of the present laws of heat, and or 
the arbitrary magnitudes Which determine the rate of oon 
duction and radiation. The laws are such as to aeeufe ui 
from increasing and destructive inequalities of heat ) the ar 
bitrary magnitudes are elements to which the organio iPock 
isadjttfited. 
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CHAPTER CC 
n< Laim tfHeat with respect to Waters 

Thb manner in which heat is transmitted throuj^h fluids 
is alcoeether different from the mode in which it passes 
Ihrough solids i and hence the waters of the earth's surface 
produce peculiar effects upon its condition as to temperature. 
Moreover, water is susceptible of evaporation in a degree 
f^epending upon the increase of heat i and in consequence 
of this property it has most extensive and important func- 
tions to discharge in the eeonomv of nature* We will con- 
sider some of the offices of this fluid. 

i. Heat is communicated thi'Ough water, not b;^ heins 
conducted from one part of the fluid to another, as m solid 
bodies^ but (at least principalW) by being carried with the 
parts of the fluid by means of an mtestine motion. Water 
ezpvids and becomes liehter by heat, and, therefore, if the 
upper parts be cooled bdow the subjacent temperature, this 
upper portion will become heavier than that below, bulk for 
Imllc, and will descend through it, while the lower portion 
lises to take the upper place. In this manner the colder 
parts descend, and the warmer parts ascend by contrary 
currents, and by their interchange and mixture, reduce thie 
whole to a temperature at least as low as that of the surface. 
jkod this equalization of temperature by means of such cur- 
rents, is an operation of a much more rapid nature than the 
slow motion of conduction by which heat creeps through a 
solid body. Hence, alternations of heat and cola, as day and 
night, summer and winter, produce in water, inequalities of 
temperature much smaller than those which occur in a solid 
body. The heat communicated is less, for transparent flu- 
ids imbibe heat very slowly ; and the cold impressed on the 
surfitee is soon diffused through the mass by mtemal circu- 
lation. 

Hence it follows that the ocean, which covers so iniee a 
portion of tiie earth, and affects the temperature of the whole 
surface by its influence, produces the efiect of making the 
allemations of heat and ccdd much less violent than they 
would be if St were absent. The difl^rent temperatures of 



56 TBRKX8TBZAL ADAPTATIOHf. 

its Upper and lower parte produce a current which dravi 
the seas, and by means of the seas, the air, towards tfaa 
mean temperature. And this kind Of circulation is produ- 
ced, not only between the upper and lower parts, but also 
between distant tracts of the ocean. The great GKilf Stream 
which rushes out of the Gulf of Mexico, and runs acrosf 
the Atlantic to the western shores of Europe, carries with it 
a portion of the tropical beat into northern regions : and tha 
returning current which descends along the coast of Afrnsa, 
tends to cool the parts nearer the equator. Great as the 
difference of temperature is in different climates, it would 
be still greater if there were not this equalizing and mode- 
rating power exerted constantly over {he whole surface. 
Without this influence, it is probable that the two polar 
portions of the earth, which are locked in perpetual ipe and 
snow, and almost destitute of life, would be much increased. 

We find an illustration oi this effect of the ocean on tem- 
perature, in the peculiarities of the climates of maritimo 
tracts and islands. The climate of such portions of the 
earth, corrected in some measure by the temperature of the 
neigiibouring. sea, is more equable than that of places in the 
same latitudes differently situated. London is cooler in 
summer and warmer in winter than Paris. 

2.' Water expands by heat and contracts by cold, as ha« 
been already said; and in consequence of this property, the 
coldest portions of the fluid generally occupy the lower 
parts. The continued progress of cold produces con^lar 
tion. If, therefore, the law just mentioned had been strictly 
true, the lower parts of water would have been first frozen ; 
and bemg once frozen, hardly any heat applied to the sur- 
face could have melted them, for the warm fluid could not 
have descended through the colder parts. This is so &r the 
case, that in a vessel containing ice at the bottom and water 
at the top, Rumford made the upper fluid boil without thaw- 
ing the congealed cake bfelow. 

W ow, a law of water with respect to heat operating in 
this manner, would have been very inconvenient if it had 
obtained in our lakes and seas. They would all have had 
a bed of ice, increasing with every occasion, till the whole 
was frozen. We could have had no bodies of water, except 
«uch pools on the usrfaces of these ice resorvois as the siun- 
mer sun could thaw, to be again frozen to the bottom with 
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the fint firoBty night. The law of the regular contraction 
of water W cold till it became ice, would, therefore, be de- 
structive of all the utility of our seas and lakes. How is 
this inconvenience obviated 1 

It is obviated by a modification of the law which takes 
place when this temperature approaches this limit. Water 
contracts by the increase of cold, till we come ^near the 
freezing temperature ; but then, by a further increase of 
cold, it contracts no more, but expands till the point at 
which it becomes ice. It contracts in cooling down to 40 
degrees of Fahrenheit's thermometer ; in coolmg further it 
expands, and when cooled to 32 degrees, it freezes. Hence, 
the freatest density of the fluid is at 40 degrees, and water 
at this temperature, or near it, will lie at the bottom with 
cocder water or with ice floating above it. However much 
the surfieu^ be cooled, water colder than 40 cannot descend 
to displace water warmer than itself. Hence we can never 
have ICC formed at the bottom of deep water, in approach- 
ing the freezing point, the coldest water will rise to the sur- 
fetce, and the congelation will take place there ; and the 
iee BO formed will remain at the surface, exposed to the 
warmth of the sunbeams and the air, and will not survive 
any long continuance of such action. 

Another peculiarity in the laws which regulate the action 
of cold on water is, that m the very act of freezing, a fiir- 
iher sudden and con8idenU3le expansion takes place. Many 
persons will have known instances of vessels burst by the 
freezing of water in them. The consequence of this expan- 
sion is^ that the specific gravity of ice is 1 ess than that of 
water of any temperature ; and it therefore always floats in 
the unfrozen fluid. If this expansion of crystallization did 
not exist, ice would float in water which was below forty 
degprees, but would sink when the fluid was above that tem- 
perature : as the case is, it floats under all circumstances. 
The icy remnants of the effects of winter, which the river 
carries down its stream, are visible on its surface till they 
melt away ;. and the icebergs which are detached from the 
' shores of the polar seas, drift along, exposed to the sun and 
air^as well as to the water in which they are immersed. 

These laws of the eflect of temperature on water are 
truly remarkable in their adaptation to the beneficial course 
irf things at tfa» earth's surface. Water contracts by cold ; 
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it 'thus equalizes the temperature of yarioui times and 
places; bat if its contraction were continued all the way to 
the freezing point, it would bind a great part of the ecurth m 
fetters of ice. The contraction then is here i^laced by ex- 
pansion, in a manner which but slightly modifies the finrmer 
effects, while it completely Dbviates the bad consequeAces. 
The further expansion which takes ])Iace at the point of 
freezing, still further facilitates the rapid removal of the icy 
chains, in which parts of the earth's surface are at certain 
seasons bound. 

We do not know how far these laws of expansion are con- 
nected with, and depend on more remote and general pro- 
perties of this fluid, or of all fluids. But we have no rea- 
son to believe that, by whatever means they operate, they 
are not laws selected from among other laws which might 
exist, as in fact for other fluids other laws do exist, ^d 
we have all the evidence, which the most remarkable fur- 
therance of important purposes can give us, that they are 
•elected, and selected with a beneficial design. 

3. As water becomes ice by cold, it becomes steam by 
beat. In common language, steam is the name given to 
the vapour of hot water ; but in fact a vapour or steam rises 
from water at all temperatures, however low, and even 
from ice. The expansive force of this vapour increases ra- 
pidly as the heat increases : so that when we reach the heat 
of boiling water, it operates in a far more striking manner 
than when it is colder; but in all cases the surface of wft- 
ter is covered with an atmosphere of aqueous vapour, the 
pressure or tension of which is limited by the temperature 
of the water. To each degree of pressure in steam there is 
a constituent temperature corresponding. If the surfSeuse 
of water is not pressed by vapour with the force thus cor- 
responding to its temperature, an immediate evaporation 
will supply the deficiency. We can compare the tension of 
such vapour with that of our common atmosphere; the 

I)ressure of the latter is measured by the barometrical co- 
umn, about thirty inches of mercury ; that of watery va- 
pour is equal to one inch of mercury at the constituent tem- 
perature of 80 degrees, and to one-fifth of an inch, at the 
temperature of 32 degrees. 

Hence, if that part of the atmosphere which consists of 
common air were annihilated, there would still remain an 
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atmbflphere of aqueous vapour, arising from the waters and 
moist parts of the earth ; and in the existing state of things 
this vapour rises in the atmospherft of dry air. its distri- 
bation and effects are materially influenced by the vehicle 
in which it is thus carried, as we shall hereafter notice ; but 
at present we have to observe the exceeding utUUy of wa- 
ter in this shape. We remark how suitable and indispens- 
able to the weU being of creation it is, that the fluid should 
possess the property of assuming such a form under such 
circumstances. 

The moiaturt which floats in the atmosphere is of most 
essential use to vegetable life.* ' * The leaves of living plants 
appear to act upon this vapour in its elastic form, and to 
absorb it. Some vegetables increase in weight from this 
cause when suspended in the atmosphere, andunconnected 
with the soil, as the house-leek and the aloe. In very in- 
tense heats, and when the soil is dry, the life of plants 
seems to be preserved by the absorbent power of the leaves.*' 
It foUowB from what has already been said, that, with an 
increasing heat of the atmosphere, an increasing quantity of 
vapour wUl rise into it, if supplied from any quarter. Hence 
it appears that aqueous vapour is most abundant in the at- 
mosphere when It is most needed for the purposes of life ; 
and that when other sources of moisture are cut off, this is 
most copious. 

4. OumtU are produced by ac[ueous vapour when it re- 
tarm to the state of water. This process is cajfidenaatioriy 
the reverse of evaporation. When vapour exists in the atr 
mosphere, if in any manner the temperature becomes lower 
than the conatUveiU temperature^ reauisite for the mainte- 
nance of the vapoury state, some of the steam will be con- 
densed and will become water. It is in this manner that 
the curl of steam from the spout of. a boiling teakettle be- 
comes visible, being cooled down as it rushes to the air. The 
steam condenses into a fine watery powder, which is carried 
about by the little aerial currents. Clouds are of the same 
nature wi^ such curls, the condensation being generally 
produced when air, chareed with aqueous vapour^ is mixed 
With a colder current, or nas its temperature dimmished in 
tny other manner. 

* Loudoo, 1219. ' 
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Clouds, whfle they retain that shape, are of the mo 

sential use to vegetable and animal life. They moc 

the fervour of the sun, in a manner agreeable, to a gi 

u ijl i< or less degree, in all climates, and grateful no less to 

y i' !;] tables than to animals. Duhamel says that plants 

] jlf 4 more during a week of cloudy weather than a month o 

and hot; It has been observed that vegetables are far 

refreshed by being watered in cloudy than in clear wee 

in the latter case, probably the supply of fluid is too ra 

.;^ carried off by evaporation. Clouds also moderate the i 

F.' :: nations of temperature, by checking the radiation frou 

■Lvli-U ■ — ■ ■ ■ ■ 
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:|;V:fji earth. The coldest nights are those which occur un 

|!^ cloudless winter sky. 

The uses of clouds, therefore, in this stage of theii 
tory, are by no means inconsiderable, and seem to ind 
to us that the laws of their formation were constructed 
a view to the purposes of organized life. 

5. Clouds produce rain, in the formation of a clou 
precipitation of moisture probably forms a &ie watery 
o^r, which remains suspended in the air in consequer 
the minuteness of its particles ; but if from any caus 
precipitation is collected in larger portions, and bee 
dropsj these descend by their weight, and pxxxlu( 
shower. 

However rain is formed, it is one of the consequenc 
the capacity of evaporation and condensation which bel 
to water, and its uses are the result of the laws of those 
cesses. Its uses to plants are too obvious and too nume 
to be described. It is evident that on its quantity and d 
bution depend in a ff reat measure the prosperity of the i 
table kingdom : and different climates are fitted for diffS 
productions, no less by the relations of dry weather 
showers, than by those of hot and cold. 

6. Returning oack still further in the changes which 
can produce on water, we come to anow and ice : snow b 
apparently frozen vapour, ag^egated by a confused ac 
01 crystalline laws ; and ice bemg water m its fluid state 
lidifiedbythe same crystalline forces. The impressic 
these agents on the animal feelings is generally unpleai 
and we are in the habit of considering them as sympton 
the power of winter to interrupt that state of the elemc 
in which they are subsenrient to life. Yet even in this { 
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they are not without their uses.* ** Snow and ice are bad 
conductors of oold ; and when the ground is covered with 
mow, or the surface of the soil, or of water is frozen, the 
roots or bulbs of plants beneath are protected by tlie congealed 
water from the influence of the atmosphere, the temperature 
of wiiich, in northern winters, is usually very much below 
the freezing point ; and this water becomes the first nourish- 
ment of the plant inJearly spring. The expansion of water 
during its congelation, at which time its volume increases 
one-twelfths ami its contraction in bulk during a thaw, tend 
to pulverize the soil, to separate its parts from each other, 
ma. to make it more permeable to the influence of the air." 
In eonsequence of the same slowness in the conduction of 
heat which snow thus possesses, the arctic traveller finds 
hk bed of snow of no intolerable coldness : the Esquimaux 
is sheltered from the inclemency of the season in his snow 
hut, and travels rapidly and agreeably over the frozen sur- 
faase of the sea. The uses of those arrangements, which at 
first appear productive only of pain and inconvenience, are 
well suited to give ccmfidence and hope to our researches 
for such usefulness in every part of the creation. They 
have thus a peculiar value in adding connexion and univer- 
■ality to our perception of beneficial design. 

7. There is a peculiar circum^nce still to be noticed in 
the changes from ice to water and from water to steam. 
These changes take place at a particular and invariable 
degree of heat ; yet they do not take place suddenly when 
we increase the heat to this degree. This is a very curious 
arrangement. The temperature makes a stand, as it were^. 
at the point where thaw, and where boiling take place. It 
is necessary to apply a considerable quantity of heat to pro- 
duce these effects ; all which heat disappears, or becomes 
laUsnt, as it is called. We cannot raise tne temperature of 
a thawing mass of ice, till we have thawed the whole. We 
cannot raise the temperature of boiling water, or of steam 
rising from it, till we have converted all the water into steam. 
Any neat that we apply while these changes are going on 
is abscxrbed in producing the changes^ 

The oonseauences of this property of latent heat are very 
miportant. it is on this account that the changes now 

' LoodoQ, YKLL 
6 
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spoken of necessarily occupy- a considerable time. £aeH . 
part in succession must have a proper degree of heat appli* 
ed to it. If it were otherwise, thaw and evaporation must 
be instantaneous ; at the first touch of warmth, all the snow 
which lies on the roofs of our houses would descend like a 
water spout into the streets : all that which rests on the 
ground would rush like an inundation into the water courses. 
The hut of the Esquimaux would vanish like a house in a 
pantomime : the icy floor of the river would be gone without 
giving any warning to the skaiter or the traveller : and 
when, in heating our water, we reached the boiling point, the 
whole fluid would ''flash into steam,'^ (to use the expres- 
sion, of engineers,) and dissipate itself in the atmosphere, or 
settle in dew on the neighbouring objects. 

It is obviously necessary for the purposes of human life, 
that these changes should be of a more gradual and ma-' 
na^eable kind than such as we have now described. Yei 
this gradual progress of freezing and thawing, of evapora- 
tion and condensation, is produced, so feur as we can discover^ 
by a particular contrivance. Like the freezing of water 
from the top, or the floating of ice, the moderation of the rate 
of these changes seems to be the result of a violation pf a 
law : that is, the simple rule regarding the effects of change 
of temperature, which at first sight appears to be the law, 
and which from its simplicity, would seem to us the most 
obvious laws for these as well as other x^ses, is modified at 
certain critical points, ao as to produce these advantageous 
effects : — why may we not say in order to produce such 
effects? 

8. Another office of water which it discharges by mecma 
of its relation to heat, is that of supplying our springs. 
There can be no doubt that the old hypotheses which repre- 
sent springs as drawing their supplies from large subterra- 
nean reservoirs of water, or from the sea by a process of 
subterraneous filtration, are erroneous and untenable. The 
quantity of evaporation from water and from wet ground is 
found to be amply sufficient to supply the requisite drain. 
Mr.Dalton calculated^ that the quantity of ram which fallm 
m England is thirty-six inches a year. Of this he reckoned 
that tmrteen inches flow ofi* to the sea by the rivers, and thai 

* Manchester Memoirs, v. 9^7. 
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Uw remaining twenty-three inches are raised again from 
the groimd by evaporation. The thirteen inches of water 
ue of course supphed by evaporation from the sea, and arc 
earned back to the land through the atmosphere. Vapour 
m perpetually rising from the ocean, and is condensed in the 
hills and hi^h lands, through their pores and crevices de- 
scends, tiU It is deflected, collected, and conducted out to the 
bay, by some stratum or channel which is watertight. The 
condensation which takes place in the higher parts of the 
country, may easily be recognised in the mists and rains 
which are the frequent oocupants of such regions. The 
coldness of the atmosphere and other causes precipitate the 
moisture in clouds and showers, and in the former as well 
as in the latter shape, U is condensed and absorbed by the 
cool ground. Thus a perpetual and compound circulation 
of the waters is kept up ; a narrower circle between the 
evaporation and precipitation of the land itsei|^ the rivers and 
streams only occasionally and partially forming a portion of 
the circuit ; and a wider interchange between the sea and 
the lands which feed the springs, the water ascending per- 
petually by a thousand currents through the air, and de- 
■cendmg by the j^radually converging branches of the ri- 
vers, till it IS again returned into the great reservoir of the 
ocean. 

In every country, these two portions of the aqueous circu- 
lation have their regular, and nearly constant proportion.' 
In this kingdom the relative quantities are, as we have said, 
twenty-three and thirteen. A due distribution of these cir- 
culating fluids in each country appears to be necessary to 
its organic health ; to the habits of vegetables and of man. 
We have every reason to believe that it is kept up from year 
to year as steadily as the circulation of the blood in the 
veins and arteries oi man. it is maintained by a machinery 
very diflferent, indeed from that of the human system, but 
apparently as well, and, therefore, we may say as clearly, 
as that adBipted to its purposes. 

By this machinery, we have a connection established be- 
tween the atmospheric changes of remote countries. Rains 
m England are often introduced by a south-east w ind. " Va- 
pour brought to us by such a wmd, must have been gene* 
rated in countries to the south and east of our island. It is, 
therefore, probably, in the extensive valleys watered by the 



64 TESBESTBIAL ADAPTATIONS. 

Meuee, the Moselle, and the Rhine, if not from the mora 
distant Elbe, with the Oder and the Weser, that the water 
rises, in the z^idst of sunshine, which is soon afterwards to 
form our clouds, and pour down our thunder-showen." 
" Drought and sunshine in one part of £urope may be as 
necessary to^the production of a wet seaiK^ m/ucK>ther, aa 
it is on the great scale of the continents of Africa and So>aith 
America ; where the plains during one half the year, are 
burnt up, to feed the springs of me mountain; whkm in 
their turn contribute to mundate the fertile valleys and pre- 
pare thera for a luxuriant vegetation."* The properties of 
water which regard heat make one vast witeting engine 
f the atmosphere. 



CHAi>TER X. 
The Law8 qfBeat with respect to Air, 

Wb have seen in the preceding chapter how many and 
how important are the offices discharged by the aqueous 
part of the atmosphere. The aqueous part u, however, a 
very small part only ; it may vary, perhaps from less tban 
1-lOOdth to nearly as much as l-20th m weight, of the whole 
aerial ocean. We have to offer some considerations with 
regard to the remainder of the mass. 

1. In the first place we may observe that the aerial at- 
mosphere is necessary as a vehicle for the aqueous vapour. 
Salutary as is the operation of this last element to the whole 
organized creation, it is a substance which would not have^ 
answered its purposes if it had been administered pure. It 
requires to be diluted and associated with dry air, to make 
it serviceable. A little consideration will show this. 

We can suppose the earth with no atmosphere except the 
vapour which arises from its watery parts : uid if we sup- 
pcs« also the equatorial parts of the globe to be hot, and the 
polN* pans cold, we may easily see what would be the eon* 
8e<j[u#nce. TKs watsrfl a^ the equator, and near the equar 

• H* vfi -)i th^cRiut^ :'Lr»de \ '^ U. ^ SI*. 917. 
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lor, would 'produce iteam of greater elasticity, rarity, and 
temperature, than that which occupies the regions further 
poletDctrds ; and such steam, as it came in contact with the 
colder vapour of a higher latitude, would be precipitated 
into the form of water. Hence there would be a perpetual 
current of stefun from the equatorial parts towards each 
pole, which would be condensed, would fall to the surfieice, 
and flow back to the eauator in the form of fluid.^ We should 
have a circulation which might be regarded as a species 
of regulated distillation.* On a ^lobe so constituted, the 
sky of the equatorial zone would be perpetually cloudless, 
but in all other latitudes we should have an uninterrupted 
shroud of clouds, fogs, rains, and, near the poles, a continual 
fall of snow. This would be balanced by a constant flow 
of the currents of the ocean from each pole towards the 
equator. We should have an excessive circulation of mois- 
ture, but no sunshine, and probably only minute changes 
in the intensity and appearances of one eternal drizzle or 
shower. 

It is plain that this state of things would but ill answer 
the ends of vegetable and animal life : so that even if the 
lungs of animcQs and the leaves of plants were so construct- 
ed as to breathe steam instead of air, aii atmosphere of un- 
mixed steam would deprive those creatures oi most of the 
other external conditions of their well being. 

The real state of things which we enjoy, the steam bemg 
mix^ in our breath and in our sky in a moderate quantity, 
gives rise to results very difierent from those which have 
Been described. The machinery by which these results are 
produced is not a little curious. It is in fact the machinery 
of the weather^ and ^ereforfe the reader will noi be- surprised 
K» find it botii complex and apparently uncertain in its work- 
ing. At the same time some of the general principles which 
govern it, seem now to be pretty well made out, and they 
offer no small evidence of beneficent arrangement. 

Besides our atmosphere of aqueous vapour, we have ano- 
ther and far larger atmosphere of common air ; a p&rma- 
fiently elastic fluid, that is, one which is not condensed into 
a liquid form by pressure or cold, such as it is exposed to 
la the order of natural events. Tne pressure of the dry air 

* Daniell. Meteor. Ess. p. 50. 
6* 
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b at)Out twenty-nine and a half inches of mereurj • that df 
the watery vapour, perhapt, half an inch. Now if we bad 
the earth quite dry, and covered with an atmoephere cMfdrf 
air, we can trace in a great meaiure what would be the re* 
suits, supposing still the equatorial zone to be hot and the 
temperature of the surface to decrease perpetuaUy as wi 
advance into higher latitudes. The air at the equator wooU 
be rarified by the heat, and would be perpetually displaced 
below by the denser portions which belonged to cooler kti* 
tudes. We should have a current of air from the equator tt 
the poles in the higher regions of the atmosphere, and at 
the surface a returning current setting towaros the equator 
to fill up the void so created. Such aerial currents, edoh 
bined with the rotatory motion of the earth, would prodoee 
oblique winds ; and we have in fact instances of wiikla to 
produced, in the trade winds, which between the tropiei 
blow constantly from the quarters between east and norths 
and are, we know, balanced by opposite currents in the 
higlier regions. The effect of^ a heated surface of land 
would be tne same as that of the heated zone of the equator, 
and would attract to it a sea breeze during the day time, a 
phenomenon, as we also know, of perpetual occurrence. 

Now a mass of dry air of such a character as thi^ is by 
far the dominant part of our atmosphere ; and hence carries 
with it in its motions the thinner and smsdler eddies of aqoe^ 
ous vapour. The latter fluid may be considered as perme- 
ating and moving in the interstices of the former, as a spring 
of water flows through a sand rock.* The lower currmt 
of air is, as has been said, directed towards the equator, afid 
hence it resists the motion of the steam, the tendency of 
which is in the opposite direction ; and prevents or much 
retards that continual flow of hot vapour mto colder regions^ 
by which a constant precipitation would take place m the 
latter situations. 

If, in this state of things, the flow of the current of air, 
which blows from any cdder place into a warmer regioni 
be retarded or stopped, the aqueous vapours will" now be 
able to make their way to the colder point, where they will 
be precipitated in clouds or showers. 

Thus, in the lower part of the atmosphere, there are ten- 

* OanieU. p. L». 
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teieies to a current of air m one directioD, and a current of 
vapour in the opposite ; and these tendencies exist in the 
avera^ weather of j^ces situated at a moderate distance 
from the equator. The air tends from the colder to the 
warmer parte, theyapour from the warmer to the colder. 

The various distribution of land and sea, and many other 
causes make these currents far from simple. But in gene- 
ral the air current predominates, and keeps the skies clear 
and the moisture dissolved. Occasional and irregular oc- 
currences disturb this predominance; the moisture is then 
precipitated, the skies are cloud^'and clouds may descend 
m copious raina 

These alternations of feiir weather and showers, appear to 
be much more &vourable to v^etable and animal lite than 
any uniform course of weather could have been. To pro- 
duce this variety we have two antagonist forces, by the 
struggle of which such changes occur. Steam and air, 
two transparcot and elastic fluids, expansible by heat, are 
in many respects and properties very like each other. Yet, 
the same heat similarly applied to the globe, produces at the 
sur&ce currents of these fluids, tending in opposite direc- 
tions. And tbisse currents mix and balance, conspire and 
interfere, so that our trees and fields have alternately water 
and sunshine ; our fruits and grain are successively deve- 
\oped, and matured. Why should such laws of heat and 
elastic fluids 00 obtain, and be so combined? Is it not in or- 
der that they jnay be fit for such offices? There is here an 
arrangement, which no chance could have produced. The 
details of this apparatus may be beyond our power of 
tracing; its springs maybe out of our sight. Such cir- 
cumstances do not make it the less a curious and beautiful 
contrivance : they need not prevent- our recognizing the 
•kill and benevolence which we cotl discover. 

2. But we have not yet done with the machinery of the 
weather. In ascending from the earth's surfeice through 
the atmosphere, we find a remarkable diflerence in the heat 
and in the pressure of the air. It becomes much colder, 
and much lighter ; men's feelings tell them this i and the 
thermometer and barometer confirm these indications. And 
here again we find something to remark. 

In both the simple atmospheres of which we have spoken, 
the one oTair ana the one of steam, the property which we 
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have mentioned must exist. In each of them, both thi 
temperature and the tension would diminish id ascending, 
fiut they would diminish at yery different rates. The tem- 
perature, for instance, wouA decrease much more rapidly 
for the same height in dry air than in steam. If we begin 
with a temperature of 80 degrees at the surfEbce, on ascend- 
iiig five thousand feet the steam is still 76 1-2 degrees, the 
air is only 64 1-2 degrees ; at ten thousand feet, uie steam 
is 73 degrees, the air 48 1-2 degrees; at fifteen thousand 
feet, steam is at 70 degrees, air nas fallen below the freev 
ing point to 31 1*2 degrees. Hence these two atmospheres 
cannot exist together without modifying one another; ooe 
must heat or cool the other, so that tte coincidoot parts 
may be of the same temperature. This accordingly does j 
take place, and this effect influences very greatly tHe con- 
stitution of the atmosphere. For the most part, the steam 
is compelled to accommodate itself to the temperature of the 
air, the latter being of much the greats bulk. But if the 
upper parts of the aqueous vapour be cooled down to the 
temperature of the air, they will not by any means exeit 
on the lower parts of the^ame vaoour so great a pressure as 
the ffaseous form of these could bear. Hence, there wfll 
be a deficiency of moisture in the lower part of this atmos- 
phere, and if water exist there, it will rise by evaporation, 
the surfiBuse feeling an insufficient tension ; and there will thus 
be a fresh supph of vapour upwards. As, however, the up* 
per regions aireiEuiy contain as much as their temperature 
will support in the state of gas, a precipitation will now 
take place, and the fluid thus formed will descend till it ar- 
rives in a lower region, where the tension and temperature 
are again adapted to its evaporation. 

Thus, we can have no equilibrium in such an atmosphere, 
but a perpetual circulation of vapour between its upper and 
lower parts. The currents of air which move about in dif- 
ferent directions, at different altitudes, will be differently 
charged with moisture, and as they touch and mingle, libes 
of cloud are formed, which grow and join, and are spread 
out in floors, or rolled together in piles. These again, oy an 
additional accession of humidity, are formed into drops, and 
descend in showers into the lower regions, and if not eva* 
porated in their fall, reach the surfieure of the earth. 
The varying occurrences thuf produced, tend to muUipljr 
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wid extend their own variety. The ascending streams of 
'vapour carry with them that latent heat belooein^ to their 
gaseous state, which, when they are condensed, they give 
out as sensible heat. They thus raise the temperature of 
the upper regions of air, and occasion changes in the pres- 
sure and motion of its currents. The clouds, a^ain, by 
■hadinfr the surface of the earth from the sun, diminish the 
evapoi^ation by which their own substance is supphed, and 
the Heating effects by which currents are caused. £ven 
the mere mechanical effects of the currents of fluid on the 
distributioa of its own jsressure, and the dynamical condi« 
turns of its motion, are in a high degree abstruse in their 
principles and complex in their results. It need not be 
wondered, therefore, if the study of this subject is very diffi- 
cult and entangled, and our knowledge, after all, very im- 
perfect. 

In the nuddle of all this apparent confusion, however, wo 
can see much that we can understand. And, amonff other 
things, we may notice some of the consequences of uie de- 
ference^ of the laws of temperature followed by steam and 
sy air in going upwards. One important result is that the 
atmo9phere is much drier, near the surface, than it would 
have Deen if the laws of density and temperature had been 
the same for both gases. If this had been so, the air would 
alwa^^s have been saturated with vapour. It would have 
eontsoned as much as the existing temperature could sup- 
port, and the slightest cooling of any obiect would have co- 
vered it with a watery film luce dew. As it is, the air con- 
tains much less than its full quantity Of vapour : we may 
often co(4 an object, ten, twenty, or thirty aegrees without 
obtaining a deposition of water upon it, or reaching the detu- 
point, as it is called. To have had such a dripping state 
of the atmosphere as the former arrangement would have 
produced, would have been inconvenient, and so fiax as we 
can judge, unsuited to vegetables as well as animals. No 
evaporation from the snil&ce of either could have taken 
plaee under such conditions. 

Thc^ sizes and forms of clouds appear to depend on the 
same circumstance, of the air not being saturated with mois- 
ture. And it is seemingly much better that clouds should 
be eomparatively small and well defined, as they are, than 
that they should fill vast depths of the atmosphere with a 
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thin mist, which would have been the conaequence of tht 
unafinary condition of things just mentioned. 

Here tnen we have another remarkable exhibition of two 
laws, in two nearly similar gaseous fluids, producing efiects 
alike in kind, but different m degree, and by the flay of 
their difference giving rise to a new set of reBultSj^peculiar 
in their nature and beneficial in their tendency. The /brm 
of the laws of air and steam with re^;ard to Heat mighty so 
far as we can see, have been more sunilar, or more dissimi- 
lar, than it now is : the rate of each law might have had a 
different amount from its present one, so as quite to alter 
the relation of the two. By the laws havmff. such forms 
and such rates as they have, effects are produced, some of 
whieh we can distinctly perceive to be beneficial. Perhaps 
xnost persons will feel a strong persuasion, that if we under- 
stood the operation of these laws more distinctly, we should 
see still more clearly the beneficied tendency of tnese effects, 
and should probably discover others, at present concealed in 
the apparent perplexity of the subject. 

3. From what has been said, we may see, in a general 
way, both the causes and the effects oftriruU, They arise 
from any disturbance by temperature, motion, pressure, &c. 
of the equilibrium of the atmosphere, and are the efforts of 
nature to restore the balance. Their office in the economy 
of nature is to ceurry heat and moisture from one tract to 
another, and they are the great agents in the distribution of 
temperature and the changes of weather. Other purposes 
might easily be ascribed to them in the business of the ve- 
getable and animal kingdoms, and in the arts of human life, 
of which we shall not nere treat. That character in which 
we now consider them, that of the machinery of atmosphe- 
ric changes, and thus, immediately or remotely, the instru- 
ments of atmospheric influences, cannot weU be refiised 
them by any person. 

4. There is still one reflexion which ought not to be omit- 
ted. All the changes of the weather, even the most violent 
tempests and torrents of rain, may be considered as oscilla' 
tions about the mean or average condition belonging to each 
place. All these oscillations are limited and transient; the 
storm spends its fury, the inundation passes off, the sky 
elears, the ccdmer course of nature succeeds. In the forces 
Which produce this derangement, there is a provision for 
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Wtikmg it short and moderate. The oscillation stops of it« 
iel^ liKc the rolling of a ship, when no longpr impelled by 
the wind. Now, why should this be so 1 Why should the 
OBciUationSi produced by the conflict of so many laws, seem- 
ingly quite unconnected with each other, be oi this converg- 
ing and subsiding character? Would it be so under all ar- 
rangements f -Is it a matter of mechanical necessity that 
disturbance must end in the restoration of the medium con- 
dition 1 By no means. There may be an utter subversion 
of the equilibrium. The ship may roll too far, and capsize. 
The oscillations may ^o on, becoming larger and larger, , 
till all trace of the original condition is lost ; till new forces 
of inequality and disturbance are brought into play; and 
disorder and irregularity may succeed, without apparent li- 
mit or check in its own nature, like the spread ot a confla- 
gration in a city. This is a possibility in any combination of 
mechanical forces ; why does it not happen in the one now 
before us ? fiy what good fortune are the powers of heat, of 
-water, of steam, of air, the eflfects of the eartn's annual euid di- 
urnal motions, and probably other causes, so adjusted, that 
throufi^h all their struggles the elemental world goes on, upon 
the whole, so quietly and steadily 7 Why is the whole fabric 
of the weather never utterly deranged, its balance lost irre- 
coverably 7 Why is there hot an eternal conflict, such as tho 
poets imagine to take place in their chaos 7 

" For Bet, Cold, Moist, and Dry, four champions fierce, 
Strive here for mastery, and to battle bring 
Thefar embryon aXomn : — 

to whom these most adhere, 
He rules a monmnt : Chaos umpire sits, 
And by decision more embroils the fray.''— Par. ZmU b. ii. 

A state of things something like that which Milton here 
seems to have imagined, is, so far as we know, not mechani- 
cally impossible. It might have continued to obtain, if Hot 
and Cold, and Moist and Dry had not been compelled to 
" run into their places." It w ill be seen, that in the compa- 
ratively simple problem of the solar system, a number of 
very peculiaJ' adjustments were requisite, in order tfiat the 
system might retain a permanent form, in order that its mo- 
tions might have Uieir cycles, its perturbations their limits 
and period* Th^ problem of tht oontinuation oi such laws 
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and matenali as enter into the constitution of the atmoipfaeni^ 
11 one manifeatl^ of much greater complexity, and incued to 
us probably of insurmountable difficulty as a mfichiiniftii 
problem. But all that investigation ana analogy fbach us, 
tends to show that it will resemble the other problem- in the 
nature of its result ; and that certain relations of its data, and 
ci the laws of its elements, are necessary requisites^ for ss- 
curii^ the stability of its mean condition, and for giviiv a 
small and periodical character to its deviaticma from aucD a 
condition. 

It would then be probable, from this reflection alone^ thii 
in determining the quantity and the law and intensity of the 
forces, of earm, water, air, and heat, the same regpard has 
been shown to the permanency and stability of the terrestrial 
system^ which may be traced m the adjustment of the masaea 
distances, positioiis, and motions of the bodies of the celestial 
machine. 

Tliis permanency appears to be, of itself a suitable ob- 
ject of contrivance. The purpose for which the world was 
made could be answered only by its being preserved. But 
it has appeared, from the preceding part of this and the for- 
mer chapter, that this permanence is a permanence of a state 
of things adapted by the moat remarkable and multiplied 
combinations to the well-beins of man, of aninuils, of vege- 
tables. The adjustments ana conditions therefore, beyond 
the reach of our investigation as they are, by which its per' 
manence is secured, must be conceived as fitted to ado, in 
each of the instances above adduced, to the admiration wlucb 
the several manifestations of Intelligent Beneficence are eal- 
culated to excite. 



CHAPTER XI. 

The LatDB qf EleetricUy. 

Elbctbicttt undoubtedly exists in the atmosphere in 
most states of the air; but we know very imperfectly ths 
laws of this agent, and are still more ignorant of its atmos- 
pheric operation. The present sUKtec^acieDcedoesnottl^ere- 
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ian«iMble tts to pereehre thoie adaptationi of ital&witoitfl 
laea, which we can diacovsr in thoae cases when the lawtf 
lad the usee aie both of them more apparent. 

We caa, however, easfly make out tnat electrical agenc/ 
plays a verj[ eonoiderable part among the clouds, in their 
usual coDditioDs and chang^es. This may be easily shown 
by Franklin's experiment m the electrical kite. The clouds 
are sometimes positivelyi sometimes negatirely, charged, 
and the rain which descends from them offers also inuiGa' 
tions of one or other kind of electricity. The changes of 
wind and alterations of the form of the clouds are generally 
accompanied with changes in these electrical indications* 
Kvery one knows that a thunder«cloud is strongly charged 
with the electric fluid, (if it be a fluid|) and that Uie stroke of 
the lightning is an electrical discharge. We may axld that 
it appears, by recent experiments, that a transfer of electri- 
city between plants and the atmosphere is perpetually going 
on during the process of vegetation. 

We cannot trace very exactly the precise circumstances, 
in the occurrences of the atmospheric regions, which de- 
pend on the influence of the laws of electricity : but we are 
tolerably certain, from what has been already noticed, that 
if these laws did not exist, or were very different from what 
they now are^ the action of the clouds and winds, and ths 
course of vegetation, would also be other than it now is. 

It is therefore at any rate very probable that electricity 
has its appointed and important purposes in the economy ot 
the aUDoqphers. And thn being so^ we may see a use in 
the thunder-storm and (he stroke of the lightning. These 
violent events are, with regard to the electricity of the at- 
mosphere^ what winds are with regard to heat and mois* 
ture. They restore the eauilibrium where it has been dif* 
solved, and carry the flaia from {daces where it is super* 
fluous, to others whwe it is deficient. 

We are so constitute!]^ however, that these crises impress' 
almost every one with a feeling of awe* The deep lower- 
ing gloom of the tbunder-ckua, the overwhelming burst of 
the expiosiony the flash from which the steadiest eye shrinks^ 
and thus irresistiUe arrow of the lichtninff which no earthly 
substance can withstand, speak of someUiing fearfal, even 
independently of the personal danger which they may whis- 
per. They convey, frur more tlum any other appearance 

7 
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doML the idea of a eaperior and mighty power, wnmahiiwy 
difpleaeura and threatening punahment. Tet we find that 
this M uot the language which thej epeak to the pbjnni 
inquirer : he sees these formidable 8]raaptom> only u the 
means or the consetiuences of good. What office the thun- 
derbolt and the whirlwind may have in the moral worid, 
we cannot here ducuss: but certainly he must specoltte 
as feur beyond the limits of philosophy as of piety, wfaeprB* 
tends to have learnt that there their work has more of evil 
than of good. In the natural world, these appanmtly &•• 
tructive agents are, like all the other moyements and appeal' 
ances of uie atmosphere, parts of a great scheme, of which 
every discoverable purpose is marked with beaefiocnee u 
well as wisdom. 



CHAPTER XIL 
Hie Law9 qf Magnetitm, 

Maonktism, has no very obvious or apparently exten- 
sive office in the mechanism of the atmosphere and the earth ; 
but the mention of it may be introduced, because its ascer- 
tained relations to the other powers which exist in the sys- 
tem are well suited to show us the connexion subsisting 
throughout the universe, and to check the suspicion, if any 
such should arise, that any law of nature is without its use* 
The parts of creation when these uses are most obscure are 
precisely those parts when the laws themselves are least 
known. 

When indeed we consider ftie vast service of which mag- 
netism is to man, by supplying lum with that invaluable in- 
strument the mariners* compass, Toaiiy persons will req[uire 
no further evidence of this property being mtroduced into 
the frame of tilings with a worthy purpose. Am however, 
we have hitherto excluded uae in the arte from our line m 
argument, we shall not here make an exception in favour €§ 
navigation, and what we shall observe belcnigs to another 
view of the subject. 

Magnetism has been discovered in modem times to havt 
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w uloatf a oonnezion with galvaniam, tliat they may be Mid 
IB be afamoat difiNnent aspects of the same agent. All the 
nhMMMBena which we can produce with magnets, we can 
lan&attt with coils of galvanic wire. That galvanism exists 
in the earth, we need no proot Electricity, which anpears 
to be only galyanism in equilibrium, is there in abunoance ; 
and recently, Mr. Fox* has shown by experiment that me- 
talliferous veins, as they lie in the earth, exercise a g[al- 
vanic influence on each other. Something of this kmd 
might have been anticipated ; &r masses of metal in contact, 
if Uiey di^ in temperature or other circumstances, are 
known to produce a ealvanic current. Hence we have un- 
doubtedly streams of galvanic mfluence moving alon? in 
the earth. Whether or not such causes as these produce 
the directive power of the magnetic needle, we cannot here 
pretend to decide ; they can hardly fieiil to affect it. The 
Aurora fiorealis too. probably an electrical phenomenon, is 
said, under particulaur circumstances, to agitate the mag- 
netic needle. It is not surprisinff, therefore, that, if electri- 
sky have an important office in me atmosphere, magnetism 
should exist in the earth. It seems likely, that the mag- 
netic properties of the earth may be collateral results of the 
existence of the same cause by which electrical agency ope- 
rates ; an agency which, as we have already seen has udt 
portant offiMS in the processes of vegetable life. And thus 
magnetism belsnfs to the same system of beneficial contri- 
vance to which dectrieity has been already traced. 

We see, however, on this subject very cumly and a very 
•mall way. It can hardly be doubted that magnetism has 
sther functions than those we have noticed. 
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The Pnper ti e9 qf Light i9iih regard to Vegetation. 

Ttm illuminating power of light will come onder our con- 
sideration hereafter. Its agency^ with 'regard to organic 
Uk, is too important not to te noticed, though this must faa 

*PbU.Traos.l8BL 
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done briefly. Light apptan to ba u neccuory U 
of pl&nu u air or mouture. A plant may, in 
vithout il, but it does not appear that a ipeaei 
conliniud. Under aticb a priralioii, the pana 
lUuallT grefli, aBBume a vhita oolair, aa ia thi 
vegelablea^rown in a cellar, or protected by a c 
lbs lake Dlproducing thii nry effect; Ihu^ m 
ttaia touiDer bluichec^ or etblaitd, 

TJie part of the procau of TcgetaUe life for ^ 
!■ especially euenual, appeara to be the funet 
leaves i then are affected by thii agant in a va 
ahlemuiDeT. The moisture "which piacta imbibe 
vital energiei, carried to their leavei { and i) th 
in etmtact with the atmoaphere, vhich, beaidea ( 
dienti, conuine, in general, a portion of oarboni 
Umg a* light it pnient, the leaf decompoaea tl 
■eid, appropnotes the carbon to the formation of ii 
per juieCB, and Tetum* the diieiigaged oxygen 
moaphere : thui restoring the aimoapberic air to 
' in miich it ii more fiuedthan it «aa before for 1 
of animal lilb. The plant ihua preparaa (he au] 
for other ereaturei at the eame tune that it abac: 
H [rf tboae memben which aSbrt I 



ila irital powsn are io heallhfuf bUiod ; as moa 
Rune light from the plan^theie indication* coax 
longer poww to imlnbe carbon and diieng|aga a 
on the contraiT, it givea back khiib of the oar) 
obtained, and nba the atnioipliere of tnygen ft>r I 
of reconverting ttaia into earbocic acid. 

It cannot well be conceived that inch effects 
ee, aa we have desenbed, ahould occur, ii 
ever nature it ia, and those organs, hi 
to each other, Bui the aubjoot la bare 
iwder may the loore readily receive Ih) 



■«•«, poaMnms then very peeulBi ch 
emidoTM to nnduee alao thoss eff^ts i 
.■^^^i^ich tern the Bioa obiiiiu 
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BinDBs the ftmction which air diBcharges as the great 
mam in the changes of meteorology and vegetatin!), it has 
uioCher office, also of great and ezteneive importance, as 
(be vehicie of sound. 

1. The communication of sound through the air takes 
jdaee by means of a process altogether duferent from any- 
tfafl^ of which we have yet spoken : namely, by the propa- 
gation of minute vibraHons of the particles from one part 
of the fluid mass to another, without any local motion of the 
ftiiditaell 

Perhaps we may most distinctly conceive the kind of ef- 
fatt here spoken xn, by comparing it to the motion produced 
hy the wind in a field of standing com ; grassy waves tra- 
yd vinbly over the field, in the direction m which the wind 
falows^ but this appearance of an object moving is delusive. 
The only real motion is that of the ears of grain, of which 
each ffoes and returns, as the stalk stoops and recovers it- 
sell l^OB motion arocts suecesnvely a line of ears in the 
direction of the wind, and affects simuUaneoualy all those 
can of which the elevation or depression forms one visible 
wave. The elevations and depressions are propagated in a 
eoDstant direction, while the parts with wlruch the space is 
filled only vibrate to and fro. Of exactly such a nature is 
the propagation of sound through the air. The particles of 
air go andreturn through very minute spaces, and this vi- 
bratory motion runs throueh the atmosphere firom the sound- 
ing body to the ear. mives, not of elevation and depres-* 
sion, but of condensation and rarefaction, are transmitted ; 
uid the sound thus becomes an object of senserto the or|?an. 
Another fiuniliar instance of the propagation of vibra- 
tiofis we have m the circles on the surface of smooth water, 
which cUveree from the point where it is touched by a small 
object, as a curop of rain. In the beginning of a shower, for 
instance, when the drops come distmct, though frequen^ we 
naay see each drop givmg rise to a ring, formed of two or 
iiree close eoncentno ciccies, which grow and spread, leav* 
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ing the interior of the circles Bmooth, and ^nuinall j reacbi 
inff parts of the surfia^e more and mwe distant from their 
origiu. In this instance, it is olearlj not a portion of the vac 
ter which flows onwaros; but the disturbance, the rise ind 
fall of the surface which makes the rinff-formed wavei^ pss- 
ses into wider and wider circles, and thus the undulation li 
transmitted firom its starting-place^ to points in alldinetiBBi 
on the sur&ce of the fluid. 

The difiiision of these ring-fiormad iindulatinnB firomtfaeir 
centre resembles the diffusion of a sound from the plsoe 
where it is produced to the points where itia heard. The 
disturbance, or vibration, by which it ia oooveyed. traveli 
at the same rate in all directions, and the waves which are I 
propagated are hence of a circular fiorm. They diSu, hov- 
ever, tcom those on the surface of water ; for aoond is coodh 
municated upwards and downwards, and in all intermedvia 
diiections as well as horizontally; hence the waves of Mund 
are spherical the point where tliB aound ia produced beiiig 
the centre of the sphere. 

This diffusion of vibrations in spherical ahella of succes- 
sive condensation and rarefaction, will easily be seen to be 
different from any local motion of the air, aa wind, and to 
be independent of that. The circles on the sur&ce of water 
will spread on a river which is flowing, provided it be smooth, 
as well as on a standing canal. 

Not only are such undulations propagated almost uiidi8tiu>- 
bed by any local motion of the fluid m which they tbke placci 
but alio, many may be propagated in the sama fluid aX the 
same time, without disturbing each other. Wemayseethii 
efieot on water. When aeveial drops fall near each other^ the 
circles which they produce croas each other, without either 
of them being lost, and the separate courses of the ringi 
may still be traced. 

All these consequences, both in water, in air, and in any 
other fluid, can be very exactly investigated upon mechani- 
cal principles, and the neater part of the phenomena can 
thus be shown to result from the properties of the fluids. 

There are several remaricable circumstances in the way in 
which air answers its purpose as the vehicle of sound, of 
which we will now point out a few. 

2. The loudne88 of sound is such aa ia convenient for com« 
mon purposes. The oigus of speech cui in the present 
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MintitudoQ of the air, produce, witnout fatigue, sucn a tome 
of voice ai ean be heara with distinctneflB and with comfort. 
tiuX any great alteration in this element might be incommo* 
dioue, we may judge from the difficulties to which persona 
VB subject who are dull of hearing, and from the disagrea- 
Ue effe<^ of a voice much louder theun usual, or so low as 
to be indistinct. Sounds produced by the human organs, 
with other kinds of air, are very different from those in our 
common air. If a man inhale a Quantity of hydrogen gas^ 
and then speak, his voice is scarcely audible. 

The loudneH of sounds become smaller in proportion as 
they come from a greater distance. This enables us to 
judge of the distance of objects, in some degree at least, by 
the sounds which proceed from them. Moreover, it is found 
that we can judge of the position of objects by the ear : and 
this judgment seems to be fbrmed by comparing the loudness 
of the impression of the same sound on the two ears and 
two sides of the head.^ 

The loudness of sounds appears to depend on the extent 
of vibration of the particles of air, and this is determined 
by the vibrations of the sounding body. 

3. The pUcht or the d^fBreneet qT acute and grave, in 
sounds, form another important property, and one which fits 
them for a g^reat part of their purposes. By the succession 
of different notea we have all the results of melody and har- 
mony in musical sound; and of intonation and modulation 
of tKe voice, of accent, cadence, emphasis, expression, pas- 
sion, in ipMch. The song of birds, which is one of tneir 
principal modes of communication, depends chiefly fw its 
disunctions and its signifimnce upon the combinaticms of 
acute and grave. 

These dmerenoes are produced by the different rapidity 
of vibration of the particles of air. The gravest sound has 
about eiehty vibrations in a second, the most about one 
thousanoL Between these limits each sound has a musical 
character, and from the difierent relations of the number of 
vibrations in a second arise all the differences of musical in- 
tervals, concords uid discords. 

4. The quality of sounds is another of their differences. 
This is the name given to the difference of notes of the samo 

*Mr. Goafh InManeh. Ment. vol. v. 
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pitch, that is the same note as to acute and grvre^ wlifiB 
produced by different inBtrumentB. If a flute and Tiolin be 
m uniion, the notes are Btill (][uite different sounda. It ■ 
this kind of difference which dustinguisheB the voice of oos 
man .from that of another : and it is manifestly therefore one 
of great coneequence ; since it connects the voice with the 
particular person, and is almost necessary in order that lan- 
guage may be a medium of intercourse lietween men. 

6. The articulate character of sounds is for us one (tfthe 
most important arrangements which exist in the wcnrld ; for 
it is by this that they become the interpreters of thought, 
will and feeling, the means by which a person can convey 
his wants, his instructions, his promises, his kindness, to 
others ; by which one man can regulate the actions and in- 
fluence the convictions and iudgments of another. It is in 
virtue of the possibility of shapmg air into words, that the 
imperceptible vibrations which a man produces in the atmos- 
phere, become some of his most importiuit actions; the 
roundations of the highest moral and social relations ; and 
the condition and instrument ofall the advancement and im- 
provement of which he is susceptible. 

It appears that the differences of articulate sound arise 
from the different form of the cavity throufi^h which the 
sound iB made to proceed immediately (ifter bein§r produced. 
In the human voice the sound is produced in Uie larynx, 
and modified by Uie cavity of the mouth, and the various or- 
gans which surround this cavity. The laws by which arti- 
culate Bounds are thus producea have not yet been fiilly de- 
veloped, but appear to be in the progress of being so. 

The properties of sounds whicn have been mentioned, dif- 
ferences 01 loudness, of pitch, of Quality, and articulation- 
appear to be all requisite in order tnat sound shall answer, 
its purposes in the economy of animal and of human life. 
Ana how was the air made capable of conveying these four 
differences, at the same time that the organs were made ca- 
pable o£producing them 7 Surely by a most refined and skill- 
fill adaptation, applied with a most comprehensive design. 

6. Again ; is it by chance that the air and the ear exist to- 
gether? Did the air produce the organization of the esrl 
or the ear, independently organized, anticipate the constitu- 
tion of the atmosphere? Or is not the only inteUigible ac- 
count of the matter, this, that one was made for tne other : 
that there is a mutual adaptation produced by an Intelligence 
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which was acquainted ^th the properties of both; which 
adjusted Ihem to each other a« we find them adjusted, in or- 
der that birds might communicate by song, that men might 
■peak azul hear, and that language might play its extraqr- 
dmary part in its operationi upon meini thoughts, actions, 
institutions, and fortunes'! 

The vibrations of aa elastic fluid like the air, and their 
properties, follow from the laws of motion ; and whether or 
not these laws of the motion of fluids might in reality have 
been other than they are^ they appear to us inseparamy con- 
nected with the existence of matter, and as mueti a thmgr of 
necessity as we can conceive any thing in theunirerse to oe. 
The propagation of such vibrations, thereibre, and their pro- 
perties, we mayat present allow to be a necessary part of tlie 
constitution of the atmosphere, fiut what is it that makes 
these vibrations to become sound f How is it that they pro- 
duce such an effect on our senses, and, through those, on 
our minds f The vibrations of the air seem to be of them- 
selves no more fitted to produce sound,than to produce smell. 
We blow that such viorations do not universally produce 
sound, but only between certain limitA. When the vibra- 
tions ai£ fewer than eighty in a second, they are perceived 
as separate throbs, ananot as a eontinued sound; and there 
is a certain limit of rapidity, beyond which the vibrations 
become inaudiUe. This limit is different to different ears, 
and we are thus assured bj one person's ear that there are 
vibrations, though to that of another they do not produce 
sound. How was the human ear adapted so that its per- 
ception of vibrations as sounds should fidl within the limits ? 
— the very limits within which the vibrations &11, which it 
most concerns us to perceive ; those of the human voice for 
instance 1 How nicely are the organs adjusted with regard 
to die most minute mechanieal motions of the elements 7 . 
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CHAPTER XV. 
Jfie Aimo§phen, 

Ws have considered in succeMion a number of the pro- 
perties and operations of the atmosphere, and ha^re found 
them separately very curious. But an Mditioaal interert 
belongs to the subject when we aonsider them as oombined. 
The atmosphere under this point of view must appear a con- 
trivance of the most extraordinary kind. To answer any of 
its purposes, to carry on any of its processes, separately, re- 
quires peculiar arrangements and adjustments ; to answer, 
all at once, purposes so varied, to c(»nbine without confusion 
so many dinerenttrains, implies powen and attributes which 
can hardly fail to excite in a high degree our admiration 
and reverence. 

If the atmosphere be considered as a vast mnf>hine, it is 
difficult to form any just conception of the profound skill and 
comprehensiveness of dosi^ which it displays. It diffuses 
and tempers the heat of dilferent climates; for this purpose' 
it performs a circulation occupying the whole range from 
the pole to the equator ; and while it is doing thi& it exe- 
cutes many smaller circuits between the sea and the land. 
At the same time, it is the means of forming clouds and 
rain, and for this purpose a perpetual circulation of the wa- 
tery part of the atmosphere goes on between its lower and 
upper regions, fiesides this complication of circuits, it ex- 
ercises a more irr^^ular agency, in the occasional winds 
which blow from all quarters, tending perpetually to restore 
the equilibrium of heat and moisture. But this incessant 
Biid multiplied activity dischajrges only a part of the func- 
tions of the air. it is, moreover, the most important and 
universal material of the growth and sustenance of plants 
and animeds ; and is for this purpose every where present 
and almost uniform in its quantity. With all its local mo- 
tion, it has also the office of a medium of communication 
between intelligent creatures, which office it performs by 
another set of motions, entirely different both from the cir- 
eirculation and the occasional movements already mention- 
ed; these difterent kinds of motions not interfenng matcri* 
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■fth each other : and this last purpose) so remote from . 
I^en in its nature, it answers in a manner so perCeet 
J easy, that we eannot imagine that the object could 
been more completely attained, if this had iseen the 
urpose for whicn the atmosphere had been created, 
all these qualities, this extraordinary part «f our ysr* 
\ system is scarcely ever in the way : and when wa 
Nscasion to do so, we put forth our hand and push i(. 
without being aware of its being near us. 
may add, tluit it is, in addition to all that we have 
to noticed, a constant source of utility and beaufy in 
icts on light. Without air we should see nothing, ex- 
bjects on which the sun's ravs fell, directly or by re- 
0. It is the aUnoSphere which converts sunbeams into 
ht, and fills the space in which we are with illunAina« 

contemplation of the atmosphere, as a machine which 
rs all these purposes, is well suited to impress upon 
strongest conviction of the most refined, far-seemg^ 
r-niling contrivance. It seems impossible to suppose 
lese various properties were so bestowed and so com- 
Emy otherwise than by a beneficent and intelligent Be- 
ble and willing to difiuse organizaiion, life, health, 
joyment through all parts of the visible world; poe- 
f a fertility of means which no multiplicity of objects 
ixbaust, and a discrimination of consequences wnioh 
iplication of conditions could embarrass. 



CHAPTER XVL 

Light. 

tDss the hearing and sound there it another mode by 
we become sensible of the impressions of external ob« 
unely, sight and light. This subject also offers soma 
stuons hearing on our present purpose. 
« Iteen declared by writers on Natured Theoloc^, that 
man eye exhibits such evidence of deei^n and skill in 
stnifCtion, that no one, who considers it ette«it«v^yy 
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aan ratiik thii impresBion; nor does this appear to be wsjf* 
inr too much, it muit, at the eaine time, be obrioua thit 
this ooMtruction of the eye could not answer its j^urpoeeik 
except the confltitutkm of hjght corresponded to iL I^gbtitan 
element of the most peculiar kind and properties, and suoh 
an element can hardly be conceived to nave been placed in 
the universe without a regard to its operation and functiona 
As the eye is made for light, so light must have been madfl^ 
at least among other enM, for the eye. 

1. V^e must expect to comprehend imperfectly only the 
mechanism of the elements. Still, we have endMiToured to 
ahow that in some instances the arrangements by which their 
purpoiesareafleoted,are,toacerteuneztent,intellig^le. In 
order to explaiiL however, in what manner light answen 
those ends which appear to us its principal ones, we murt 
know something of the nature of light There have, hitherto^ 
been, among men of science, two prevailing opinions upon thia 
subject; some considering light as c<msistiz^ in the emU' 
sum of luminous particles; others acoountmg for its phe- 
nomena by the propagation of vibrations through a highly 
Bubtle ana elastic ether. The former cminion &s^ till bte- 
ly, been most igenerally entertained in this country, having 
Men the hypothiBsis on which Mewton made his calculations; 
the latter is one to which most of those persons have been 
led, who, in recent times, have endeavoured to deduce gene- 
ral conclusions from the newly discovered phenomena of 
light. Among these persons the theory qfunduUUiim^ is 
conceived to be established in nearly the same manner, and 
almost as certainly, as the doctrine of universal g^vitation ; 
namely, by a series of laws inferred from numerous fetcte, 
which proceeding from different sets of phenomena, are 
found to converge to ene common view ; and by calculations 
founded upon the theory, which, indicating new and untried 
facts, are round to a^ree exactly with experiment. 

We cannot here mtroduce a sketch of the progress by 
which the phenomena have thus led to the acceptance of tmi 
theory of undulations. But this theory appears to have such 
eloiffls to our assent, that the views which we have to otter 
with regard to the desini exercised in the adaptation, of 
light to its purposes, wiu appear on the undulatory theory 
■0 &r as they depend <m theory at all.* 

* TIN mter n^ Is aeqoatnted with the two theories of HiH 
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9. ^Tb* fanpreMioni of light, like thow of hearing, differ 
Id intensity and in kind. Bri^fUneM and Colour are the 
principal differeocee amonff viiible things, ailoudneee and 
tritefa are among sounds. But there is a singular distinction 
between these semes in one respect: every object and pert 
Of an object seen, is necessarily and inevitably referred to 
iome potiiioh in the space berore us ; and hence visible 
things have place, magnitude, form, as well as light, shade, 
end cokrar. There is nothing analogous to this in the sense 
of hearing I for though we can, in some approximate degree, 
gveft the situation <n the point from which a sound proceeds, 
tnis is a secondary process distinguishable from the percep- 
tions of sound itselt; whereas we cannot conceive visible 
thuj^ without fOTm and place. 

The law according to which the sense of vision is thus 
a&cted. appears to be this. By the properties of light, the 
eztemal scene produces, through the transparent parts of 
the eye, an image or picture exactly resembling the reality, 
upon the back part ot the retina : and each pomt which we 
see, is seen in the direction of a line paesing from its imafe 
on the retina, through the centre of the pupil of the eye.* In 
this manner we perceive by the eye tne situation of every 
point, at the same time that we perceive its existence : and 
by combinmg the situations of many points, we have forms 
and outlines of every sort 

That we should receive from the eye this notice of the 
position of the object as well as of its other visible qualities, 
appears to be absolutely necessary for our intercourse with 
the eztemal world; Knd the faculty of doing so is so inti- 
mate a part of our constitution that we cannot conceive our« 
selves aivested of it. Tet in order to imagine oarselves 
destitate of this fiieulty, we have only to suppose that the 
eye should receive its impressions as the ear does, and should 
apprehend red and g^reen, bright and dark^ without placing 
toem side by skiei as the ear takes in the di&rent aouncb 

win pereeive that thongh we have adopted the doctrine of the. 
Mbsr, the grsater part of the argoraents adduced would be 
aqaany foruble, if expressed in the hmgusfe of the theory of 
■ntsBion. 

* Or rather throng fhe/oeaZ centre ot the eye, which is aK 
lays near the eentre of the pupiL 
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which compose a concert, without attributiDg themto diffl^ 
entpftitB 01 spiice. 

Tbt peculiar property thus belonging to yisioiii of per* 
ceiving position, is so essential to us, that we may reaaUy 
believe that some particalar provision has been maide for its 
existence. The remarkable mechanism of the eye (precisely 
resembling that of a camera obscura,) by which it produces 
an image on tlie nervous web forming its hinder pajL seems 

have this effect for its main object. And this mecnaaii 



to have this effect for its main object 

necessarily supposes certain corresponding propertiei in 

light itself, by means of which such an effect becomes pes* 

siole. 

The main properties of light which are concerned in this 
arrangement, are reflexion and r^radion: reflexion by 
which light is reflected and scattered by all objects, and thus 
comes to the eye from all : and refrxiction, oy which its 
course is bent, when it passes obliquely out of one transpa- 
rent medium into anotner; and by which, consequently, 
convex transparent substances, such as the cornea and hu- 
mours of the eye, possess the power of making the light 
converge to tLjbcua or point ; an assemblage of such pomts 
forming the imaees on the retina, which we have mentioned. 

Reflexion ancT refraction are therefore the essential and 
indispensable properties of light ; and so far ae we can un- 
derstand, It appears that it was necessary that liffht should 
possess such properties, in order that it might form a me- 
dium of communication between man and the external workL 
We may consider ita power of passing through transparent 
media (bb ur) to be given in oruer that it may enlighten the 
earth ; its afiectkn of reflection, for the purpose of making 
cdaun visible ; and its refraction to be bestowed, that it may 
Sm^im if j^™"'"^ figure and positioo, by means oi 

In this manner %ht may be considered as constituted 
Jjmjfc pecuhar referenoe to the eyes of animals, and its 
MMD^g propertKS amy be looked upon as contrivances oi 

!l«SEr!SS!J®..°* ^ *^' ^^ ▼»"»! offi<^ And in such a 
SS-r 2 ^f^ •'^ P^'^sction of the contrivance or adaptation 
^rS*"w25* to be wy remarkable. *^^ 

thTnw^ S!^ *® properties of reflexion and refraction, 

«*■»*»<>»« tiave iiiB^ been ducovvadi regulated by othei 



LIGHT. 87 

kiws of the Jnost cnrioufl kind, uniting crreat complexity 
with great symmetry. We refer to the pAenoniena of dit> 
fractioo, polarisation, and periodical colours, produced by 
crystals and by thin plates. We have, in these facta, a Tast 
Bass of properties and laws, oflering a subject of study 
which has been pursued with eminent skill and intelligence. 
But these properties and laws, so far as has yet been dis- 
eoieradv exert no agency whatever, and have no purpose, 
in the general economy of nature. Beams of light polarised 
iieontrary directions exhibit the most remarkable difieren- 
ees when they pass through certain crystals, but mapifest 
no discorerabie difference in their inunediate impression on 
the eye. We have, therefore, here, a number of laws of 
light, which we cannot perceive to be established wiih an^ 
dttign wlidch has a reference to the other parts of the uni- 
Terse. 

Undoubtedly it is exceedingly possible that these differen- 
ces of light may operate in some quarter, and in some way, 
which we cannot detect; and that these laws may have 
purposes and may answer ends of which we have no sus* 
picum. All the analogy of nature teaches us a lesson of 
JHunillty, with re^^rd to the reliance we are to place on our 
discemoient and judgment as to such matters. But with 
our present knowledge, we may observe that this curious 
Qvstem of phenomena appears to be a collateral result of 
the mechanism by which the effects of light are produced : 
and therefore a necessary consequence of the existence of 
that element of which the offices are so numerous and so 
beneficent. 

The new properties of light, and the speculations founded 
upon them, have led many persons to the belief of the un- 
dulutory theory ; which, as we have said, is considered by 
some philosophers as demonstrated. If we adopt this the- 
ory, we consider the luminiferous ether to have no local 
motion ; and to produce refiraction and reflection by the ope- 
ration of i$B elasticity alone. We must necessarily suppose 
the tenuity of the ether to be extreme : and if we moreover 
suppose its tenrion to be very great, which the vast velocity 
oi light requires us to Suppose, the vibrations by which light 
is propagated will be trantverse vibrations, that is the mo- 
tion to and fro will be athwart the line along which the un- 
dulation travels ; and from this circumstance all the laws 
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of polariuLtkm necessarily follow. And the propertiei cf 
transverte vibrations, combined with the propertiea of vi* 
brations in general, give rise to all the cunous and nume- 
rous phenomena of colours of which we ha^e ipoken. 

If tne vibrations be transverse, they may be reeolved into 
two difierent planes ; this is polariaation: if they fidl oo a 
medium which has different elasticity in difierent direetioM^ 
they will be divided into two sets of vibrations; this is 
double rtfracHons and so on. Some of the new proper- 
, ties, however, as the firinges of shadows and the coiouis of 
thin plates, follow from the undulatory theory, whether ths 
vibrations be transverse or not. 

It would appear, therefore, that the propagation of light 
by means of a subtle medium, leads necessarily to the ex- 
traordinary collection of properties which have recently been 
discovered; and, at bldj rate, its propagation by the trans- 
verse vibrations of such a medium does lead inevitably t6 
these results. 

Leaving it therefore to future tmies to pomt out the other 
reasons {or uses if they exist) of these newly discovered pro* 
perties ol light, in their bearmg on other parts of the world, 
we may venture to say, that u light was to be propagatea 
through transpaurent media by the undulations of a subtle 
fluid, these properties must result, as necessarily as the 
rainbow results from the unequal refrangibility of different 
colours. This phenomenon and those, appear alike to be 
the collateral consequences of the laws impressed on light 
with a view to its prmcipal offices. . 

Thus the exquisitely beautiful and symmetrical pheno- 
mena and laws of polarisation, and of crystalline and other 
efiects, may be looked upon as indications of the delicacy 
and subtlety of the mechanism by which man, through hia 
visual organs is put in communication with the external 
world ; is made acquainted with the forms and qualities of 
objects in the most remote regions of space ; euod is enabled, 
in some measure, to determine his position and relation in a 
universe in which he is but an atom. 

4. If we suppose it clearly established that light is pro- 
duced by the vibrations of an ether, we find considerations 
o&r themselves, similar to those which occurred in tho 
of sound. The vibrations of this ethei affect our or- 
with the lense of light and colour. Why, or bow do 
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IkqfdDdiii? It tt Mily within certain limits that the effect 
h piodaeed, and theee iimita are comparatiTely narrower 
kore than in the eaee of sound. T^e whole scale of colour, 
from violet to crimson, lies between vibrations which are 
fair hundred and fifty-eight million millions, and seven 
lumdred and twenty-seven million millions in a second ; a 
IMoportioQ mu^ smaller than the corresponding ratio for 
perceptible sounds. Why should such vibrations product 
perception in the eye, and no others? There must oe here 
some peculiar adaptation of the sensitive powers to these 
wonderfully minute and condensed mechanical motions. 
What happens when the vibrations are slower than the red, 
or quicker than the blue 1 They do not produce vision : do 
they produce any effect ? Have they any thing to do with 
heat or with electricity 1 We cannot tell. The ether must 
fas as suaceptible of these vibrations, as of those which pro- 
dace vision. But the mechanism of the eve is adjusted to 
this latter kind only ; and this precise kind, (whether alono 
, or mixed with others,) proceeds from the sun and from other 
luminaries^ and thus communicates to us the state of the 
niMe universe. The mere material elements then are full 
«f pro peitiea which we can understand no otherwise, than 
11 the wwlti of a nfined contrivance. 



CHAPTER XVa. 

The Ether. 

In what has just been said, we have spoken of light, only 
with respect to its power of illuminating objects, and con- 
veying tne impression of them to the eye. It possesses, 
however, beyond all doubt, many other qualities. Light is 
mtimately connected with heat, as we see in the case of the 
sun and of flame ; yet it is clear that licht and heat are not 
identicaL Light is evidently connected too with electricity 
and galvanism ; and perhaps, through these, with magnet- 
ism : it ii, as has already been mentioned, indispensably 
necessary to the healthy aischarge of the functions of ve- 
getable Ufb: without it plants cannot duly exercise their 

8* 
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v.:al poven: h nijr.:f*«i also chemical acticm in Tarkni 

taa '.ui^unifemi €t\er ihec, if we ao e&ll the medium ia 
vr.:.'n '.:;r.'. u ^^?^<l^:£'i, auK ro*aes8 many other pro- 

iu::r.$ power i?^r.l5. I: m-iA'. hoc b« merely like a fluid 
roar*i v.: 3 :.",? fiMc; sta»« and iixtenticeA of the material 
Vrorli. ar.i exfrr.s-::z ii? s.c:wa on oojecLs; it mutt aflect 
L."< -jTiiyiiji. •r.er.:.:il i::i v::il powers of what iitouchea 
I: riis: be & jrei: Jinri 12:: -e iz*-: :n the work of the uni- 
verv. as we".." as ar. i.-tiT- r;po-^sr of what is done by other 
arer.is. I: njs: r<c«*>t5 & r.jLciber of complex and retined 
.■?:'.*j".\*an*?s ar.i i.VMs::a-;r.a wh;'!i we cannot analyse, 
■»ar-.'.i^ Ujon pU-.!»'ACi .T.eziiral ^^3lpolIndt, and the ini- 
ro-.iira.'.e ai:':?.:s; a* w»J as L^ose laws which we con- 
iv.v- '.rjL we nave sr.il y^ed, by wtii^n ii is the vehicle of 
i.".:.*,i".nv.;on and ViSjoo. ' 

We i.ave hai cvcas^ra :o point out bow complex is the 
machinery of 'iie ana-Mr ::er?. ari how varied iu objects; 
sji.'e. seskies he^:*^ '.m ■nea.-'.s of cornmimicationaA the me- 
ti;am of souni. isn&s kn.^wn laws which connect it with 
neat ar^i mo'.sCdrs ; ani ocn-er Iaws» in vinue of which it is 
de^onMied by ve£*f:a:-.e«. 1: arrears, in I'.ke manner, that 
uie e:aer is nx oaly !.•>• vei:-.:> of l-.^h^ bit: ha« also iawa, 
a: rrtf«ei; unicuowru wa::a corj:**: ifwiui neat, eleciriciljf, 
aal omer agencies : ani otrer laws throash which it is ne- 
cessary to vf i^is^lea. enab.ir^ 'Jxm 10 decompose air. AH 
asali^y leais us to sur;\>9e~uia: ;f we knew as much of 
the cionscau:>m of Uhe luminuerous emer as we know of the 
constitutioa of the aimoisohere. we should nnd it a machine 
** ^.^P^f^ ^^ axtxdcial, as skilfully and admirably con- 

We know at pretenl very little ini«-i of uie construction 
ct thai vichiae. Iu exikenee is. perhaps, sausfactorily 
Bade c«t; ia ocder that we may not interrupt Uis progress 
01 Mr vgumanti vb shall r«fer*:o o:her works lor the rea- 
vhich appear to lead to tr.is conclusion. But 
hm, dectricity, galvanism, magnetism, be fluiJa ; 
n or modifications of fluids ; ar.i whether such fluids 
bt the laiDe with the luminiferous ether, or with 
^1 ftraquwiioni of which ail or moit appear to bo 
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^ pnwnt undedded, and it would be prenmiptoui 811^ 
matuvB here to take one aide or the other. 

The men fiid^ however, that there is such an ether, and 
that it haa propcartiea related to other agenti, in the way we 
have BuggMted, ia well calculated to extend our viewa of 
the atructure of the universe, and of the reaourcee, if we 
Baj 80 apeak, of the Power by which it is arranged. The 
Boiid and fluid matter of the earth is the most obvioua to 
our sensea ; over this, and in its cavities, is poured an invi- 
sible fluid, the air, by which warmth and life are diffused 
and fostered, and by which men communicate with men : 
over and through this again, and reaching, so &r as we 
know, to the utmost bounds of the universe, is spread an- 
ther moat subtle and attenuated fluid, which, by the play of 
another set of agents, aids the energies of nature, and which, 
filling all parts of sp&ce, is a means of communication with 
other planets and other systems. 

There is nothing in all this like any material neoessity, 
eompelling the wond to be as it is and no otherwise. How 
should the properties of these three great classes of agents, 
visible objects air, and light, so harmonize and assist each 
other, that order and life should be the result. Without all 
the three, and all the three constituted in their present man- 
ner, and subject to their present laws, living things could 
not exist. It the earth had no atmosphere, or if the world 
bad no ether, all must be inert and dead. Who construct- 
ed these three extraordinary complex pieces of machinery, 
the earth with its productions, the atmosphere, and the 
ether f Who fitted tnem into each other in many parts, and 
Ihua made it possible for them to work together 7 Wecon- 
eeive there can be but one answer; a most wise and good GhxL 



CHAPTER XVm. 

ReeapUuUUion. 

L It haa been ahown in the preceding chapters that a 
great number of quantities and laws appear to have been 
9ded&i in the oonstruction of the universe , and that by the 
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tdjuitiDent to each other of the nutfnitndes and lawB thai 
■elected, the conBtitutioa of the world is what we tad k, and 
is fitted for the support of vegetables and animah^ in a man- 
ner in which it could not have beeiL if the properties aoi 
quantities of the elements had been different from what tbef 
are. We shall here recapitulate the prinsipal of the lav* 
and magnitudes to which this concluaMn has been ibowi 
to apply 

1. Ttm lenjgth of the Year, which depends on thefcrea 
of the attraction of the sun, and its distance from the eaitfa^ 

2. The Length of the Day. 

3. The Mass of the Eart^ which depends on its mag- 
nitude and density. 

4. The Magnitude of the Ocean. 

5. The Magnitude of the Atmosphere. 

6. The Law and Rate of the Conducting Power of tht 
Earth. 

7. The Law and Rate of the Radiating Power of the 
Earth. 

a The Law and Rate of the Ezpamion of Water by 
Ueat. 

9. The Law and Rate of the Expansion of Water by 
Cold, below 40 degrees. 

10 The Law and Quantity of the Expansion of Water 
in Freezing. 

11. The Quantity of Latent Heat absorbed m Thawing. 

12. The Quantity of Latent Heat absorbed in Evapo- 
ration. 

13. The Law and Rate of Evaporation with regard to 
neat. 

14. The Law and Rate of the Expansion of Air by Heat 
15^ The Quantity of Heat absorbed in the Expansion 

of Air. 

16. The Law and Rate of the Passage of Aqueous Va- 
pour through the Air. 

17. The Xaws of Electricity ; its relations to Air and 
Moisture. 

18. The Fluidity, Density, and Elasticity of the Air, 
by means of which its vibrations produce sound. 

19. The Fluidity, Density, and Elasticity of the Ethei^ 
by means of which its vibrations produce Light 
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S. These an the date, the elemenUy ai astronomeni call 
iha quantities which detennine a planet's orbit, on which 
tha mere inorfcanic part of the universe is constructed. To 
theae, the constitution of the inorffanic world is adapted in 
imkumerable points, by laws of which we can trace the re- 
nilta, though we cannot analyze their machinery. Thus, 
the vital functions of vegetables have periods which corres- 
pond to the length of the year, and or the day ; their vital 
powers have forces which correspond to the force of gravi- 
ty; the sentient faculties of man are such that the vibra- 
tions of air (within certain limits) are perceived as sound, 
those of ether, as light. And while we are enumerating 
these correspondencies, we perceive that there are thousands 
of others, ^d that we can only select a very small number 
of those where the relation happens to be most clearly made 
out or most easily ezplamed. 

Now, in the list of the mathematical elemenU of the uni- 
verse which has just been given, why have we such laws 
and such quantities as there occur, and no other? For 
the most part, the data there enumerated are independent of 
each other, and might be altered separately, so far as the 
mechanical condition of these cases are concerned. Some 
of these data probably depend on each other. Thus the 
latent heat of aqueous vapour is perhaps connected with the 
difference of the rate of expansion of water and of steam. 
But all natural philosophers will, probably, agree, that there 
must be, in this list, a great number of things entirely with- 
out any mutual dependence, as the year and the day, the 
ezpcuision of air and the expansion of steam. There are, 
therefore, it appears, a number of things which, in the struc- 
ture of the world, might have been otherwise, and which 
are what they are in consequence of choice or of chance. 
We have already seen, in many of the cases separately, how 
unlike chance every thing looks :— that the laws are tem- 
pered and fitted tog^er in the only wav in which the world 
could have gone on, according to all that we can conceive 
of it. Tbia must, therefore, te the work of choice ; and if 
so, it cannot be doubted, of a most wise and benevolent 
Chooser. 

3. The appearance of choice is still further illustrated by 
the variety, as well as the number of laws selected. The 
laws (ure unlika one another. Steam certednly expanrls at 
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a very different rate from air by the application of hei^ 
probably according to a different law : water expandi in 
freeziaff, but mercury contracta : heat travels in a mBODer 
quite cnffisrent through solidi and fluids. Every Mfanta 
substance has ita own densit}^ gravity, cohesion^ ewieitj. 
its relation toheat^ to electricity, to magnetism ; besides lul 
its chemical affinities, which form an endless throng d 
laws, connecting every one substance in creation with every 
other, and different for each pair anyhow taken. Nothii^ 
can look less like a world formed of atoms operating up<m 
each other according to some universal and inevitable lawi^ 
than this does : if such a system of things be inconceivably 
it cannot be our system. We have, it may be, fifty simpb 
substances in the world ; each of which is invested wtth 
properties, both of chemical and mechanical action, altoge- 
ther different from those of any other substance. Every 
portion, however minute, of any of these, nossesses all tfaie 
properties of the substance. Of each of tnese substances 
there is a certain unalterable quantity in the universe ; when 
combined, their compounds exhibit new chemical affinities^ 
new mechanical laws. Who gave these different laws to 
the different substances? who proportioned \he quantity to 
each 1 But suppose this done. Suppose these substances 
in existence ; in contact, in due proportion to each other. Is 
this a world, or at least our world? No more than the 
mine and the forest are the ship of war and the fieictory. 
These elements, with their constitution perfect, and their 
proportion suitable, are still a mere chaos. They mupt be 
put in their places. They must not be where their own 
properties would place them. They must be made to assume 
a particular arrangement, or we can have no regular and 
permanent course of nature. This arrangement must again 
have additional peculiarities, or we can have no organic 
portion of the world. The millions of millions of particles 
which the world contains, must be finished up in as com- 
plete a manner, and fittea into their places with as much 
nicety, as the most delicate wheel or spring in a piece of 
huiuan machinery. What are the habits of thought to 
which it can appear possible that this could take place with- 
out design, intention^ intelligence, purpose, knowledge f 

Ii what has just been said, we have spoken only of the 
ocusiitution of the inorganic paxt of the univerae. The me- 
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diaiiigm, if we mayao call it. of vegetable and animal life, 

k 10 far berood our oomprenension, that though some of 

ttie Mipe ooservatiolui nught he applied to it, we do not 

dvA «|Mm the aubiect. We know that in theie proceiaea 

•Im^ tbe mechanical and chemical properties of matter are 

WCBHary, but we know too that tnese alone will not ac« 

eoont fitf the phenomena of life. There is something more 

than theae. The lowest stage of vitality and irritabihty ap^ 

petit 10 carry ua beyond mechanism, beyond affinity. ^ 

ttatt iMui been laid with regard to the exactness of the ad- 

jmiiDents, the combination of various means, the tendency 

toeontinuanoe, tp preservation, is applicable with additiorjil 

force to the organic creation, so for as we can observe the 

Betns emplc^ed* These^ however, belong to a difierenC 

iminoe of thie aubjecti axki mutt be left to other handib 

i 






/ 



■I." 

■7 ■,: 



BOOK IL 



CXMBOeAL ABRANOBMiUm. 

Whir we turn our atteDtionto the larger portions of the 
uniyene, the sun, the planets, and the earth as one of them, 
the moon and other satellites, the fixed stars and other hea- 
venly bodies ; — the views which we obtain concerning ihtir 
iQutual relations, arrangement and movements, are called^ 
as we already stated, comdecU views. These views will, 
we conceive, afford us indications of the wisdom and care 
of the power by which the objects which we thus consider^ 
were created and are preserved : and we shall now proceed 
to point out some circumstances in which these attributes 
may be traced* 

It has been observed by writers on Natural Theology, 
that the arguments for the being and perfections of tne 
Creator, drawn from cosmical considerations, labour under 
some disadvantages when compared with the arguments 
founded on those provisions ana adaptations which more 
immediately affect the well being of organized creatures. 
The structure of the solar system has far less analogy with 
such machinery as we can construct and comprehend, than 
we find in the ittructure of the bodies of animals, or even in 
the eausss ot the weather. Moseover, we do not see the 
immediate ^bearing of eosmioal airangements on that end 
which we most readily acknowledge to be useful and de- 
shraUe^ the support and comfort of sentient natures. So 
that, from both causes the impression of benevolent design 
in this case is less striking and pointed than that which re- 
sults from the examination of some other parts of nature. 

fiut in oonsiderine the universe, accordmg to the view we 
have taken, as a collection of lawsf astronomyi the science 
O 
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which teaches us the laws of the motions of the heaTenlj 
bodies, possesses some advantages, among the subjects fron 
which we may seek to learn the character of the govern- 
ment of the world. For our knowledge of the laws of the 
motions of the planets and satellites is for more comply 
and exact, £eir more thorough and satis&ctory, than the 
knowledge which We possess in any other department of 
Natural Philosophy. Our acqueUntance with the laws (rf 
the solar system is such, that we con calculate the predee 

f»iace and motion of most of its parts at any period, past ot 
iiture, however remote; and we can refer the cnangefl 
which take place in these circumstances to their proximaXi 
cause, the attraction of one mass of matter to another, act 
ing between all the parts of the imiverse. 

If, therefore, we trace indications of the divine care, eith.< 
in the 'form of the laws which prevail among the heavenJ 
bodies, or in the arbitrary <}uantities wliich such laws iX 
volve ; (according to the distmction explained in the £Drm£ 
part of this work ;) we may expect that our ezamidtf ^ 
such care, though they may be less numerous aad obviou 
will be more precise than they can b& in other subject* 
where the laws of factB are imnerliBCtly known, and th^ 
causes entirely hid. We trust tnat this will be fouod to b 
the ceise with regard to some of the examples which w 
shall adduce. 



CHAFTERL 

T^StrvchLreoftheSolarSifttem, 

In the cosmical considerationB which we have to offiu", 
we shall suppose the general truths conoeming the struc- 
ture of the solar system and of the universe, which have 
been established by astronomers and mathematicians, to be 
known to the reader. It is not necessary to go into mucfa 
detail on this subject. The five planets known to the an- 
cients. Mercury, Venus, Biars, Jupiter, Saturn, revolve 
round the sun, at different distances, in orbits nearly ciicu 
lar, and nearly in one plane. Between Venus and Man^ 
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our Earth, henelf one of the planeti, revolves in like man- 
ner. Beyond Saturn, Uranui has been discovered describ> 
izigan orbit of the same kind; and between Mars and Ju- 
piter, four smaller bodies perform their revolutions in orb- 
its somewhat less regular than the rest. These planets are 
all nearly globular, and all revolve upon their axis. Some 
of them are accompanied by satellites, or attendemt bodies 
which revolve about them ; and these bodies also have their 
orbits nearly circular, and nearly in the same plane as the 
others, Saturn's rinig is a solitary example, so far as we 
know, of such an appendage to a planet. 

These circular motions of the planeto round the sun, and 
of the satellites round their primary planets, are all kept 
goiofi^ by the attraeUon of the respective central bodies, 
which restrains the corresponding revolving bodies from 
flying off. It is perhaps not very easy to meSce this opera- 
tion clear to common apprehension. We cannot illustrate it 
by a comparison with any machine of human contrivance 
and fitbrication ; in such machines every thing foes oh by 
contact and impulse ; pressure, and force of all kinds, is 
exercised and transferred from one part to another, by means 
of a material connexion; by rods, ropes, fluids, gases, ^n 
the machinery of the universe there is, so far as we know, 
no material connection between the parts which act on 
each other. In the solar system, no part touches or drives 
another : all the bodies afiect each other at a distancCf as 
the magnet afiects the needle. The production and regula- 
tion of such effects, if attempted by our mechanicians, would 
require great skill and nicety of aidjustment ; but our artists 
have not executed any examples of this sort of machinery, 
by reference to which we can illustrate the arrangements 
01 the solar system. 

Perhaps the following comparison may serve to explain 
the kind of adjustments of which we shall have to speak. 
If there be a wide shallow round basin of smooth marble, 
and if we take a smooth ball, as a billiard ball or a marble 
pellet, and throw it along the surface of the mside of the 
i)asin, the ball will generally make many revolutions round 
the inside of the bowl, gradually tending to the bottom in 
its motion. The gradutu diminution of the motion, and con- 
sequent tendency of the ball to the bottom of the bowl, arises 
from the friction ; and in order to make the motion correspond 



130 COBMIOAL ABSANOBMSNT9. 

to that which t&kee place through the action of a eentral foroe^ 
we muBt suppose this friction to be got rid of. In thia case the 
boll once set a going, would run round the basin for erer, de- 
scribing either a circle, or various kinds of ovals, aeconrdin^ to 
the way in which it was orieinally thrown ; Whether quick 
or slow, andwhether more or lesa obliquely along ^e surface. 
Such a motion would be capable of the same kind of va- 
riety, and the same sort of adjustments, as the motion of a 
body revolving about a larger one by means of a central 
force. Perhaps the reader may understand what kind of 
adiiistments these are, by supposing such a bowl and ball 
to be tised for a game of skill. If the object of the players 
be to throw the pellet along the surface of the basin, so that 
after descfibing its curved path it shall pass through a small 
hole in a barrier at some distance from the starting point, it 
will easily be understood that some nicety in the relation 
of the force and direction with which the ball is thrown will 
be necessary for success. In order to obtain a better image 
of the solar system, we must suppose the basin to be very 
large and the pellet very small. And it will easily be un- 
derstood that as many pellets as there are planets might 
run round the bowl at the same time with different ve- 
locities. Such a contrivance might form a planetarium 
in which the mimic planets would be regulated by the 
laws of motion as the real planets are ; instead of being car- 
ried by wires and wheels, as is done in such machines of the 
common construction ; and in this planetarium the tendency 
of the planets to the sun is replaced by the tendency of the 
representative pellets to run down the slope of the bowU 
We refer again to the basin, thus representing the solar sys- 
tem with its loose planetary balls. 



CHAPTER n. 

The Oinular Orbita qfthe Planets rmmd the Sun. 

Thb orbit which the earth describes round the sun is very 
nearly a circle : the sun is about one-thirtieth nearer to us 
in winter than in summer. ' This nearly circular form of 
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the orbit, on a little consideration, will appear to be a re- 
markable circumstaxice. 

Supposing the attraction of a planet towards the sun to 
exist, if the planet were put in motion in any part of the 
solar system, it would describe about the sun an orbit qf 
§ome kind ; it mifht be a long oval, or a shorter oval, or 
an exact circle. But if we suppose the result left to chance, 
the chances are infinitely against the last mentioned case. 
There is but one circle; there are an infinite number of 
ovals. Any oriffinal impulse would give some oval, but 
only one puticuuur impulse, determinate in velocity and di- 
rection, will give a circle. £f we suppose the planet to be 
originally pro^eetedf it must be projected perpendicularly to 
its distance from the sun, and with a certain precise vclo- 
citv, in order that the motion may be circular. 

In the basin to which we have compared the solar system, 
the adjustment requisite to produce circular motion would 
require us to project our pellet so that after running half 
round the surface it should touch a pomt exactly at an equal 
distance from the centre, on the other side, passing neither 
too hieh nor too low. And the pellet, it may be observed, 
shoula be in size only one ten-thousandth part of the dis- 
tance from the centre, to make the dimensions correspond 
with the cast of the earth's orbit. If the mark were set up 
and hit, we should hardly attribute the result to chanc«. 

The earth's orbit, however, is not exactly a circle. The 
mark is not precisely a single point, but is a space of the 
breadth of one-thirtieth of the distance from the centre. 
Still this is much too near an agreement with the circle to 
be ccmsidered as the work of chance. The chances were 
ereat against the ball passing so nearly at the same distance, 
ror there were twenty-nine equal spaces through which it 
might have gone, between the mark and the centre, and an 
indefinite number outside the mark. 

But it is not the earth's orbit alone which is nearly a cir- 
cle : the rest of the planets also approach very nearly to 
that form! Venus more nearly still than the earth: Jupi- 
ter, Saturn, and Uranus, have a difference of about one- 
tenth, between their greatest and least distances from the 
sun : Mars has his extreme distances in the proportion of five 
to six nearly ; cmd Mercury in the proportion of two to three. 
Hie last mentioned case is a couaiderable deviation, and 
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CHAPTER DDL. 

r 

The StabOifyqf the Solar asfttowu 

Thbsb it a consequence resulting from the actual stmo* 
ture of the solar system, which has been brought to light 
bj the investigations of mathematicians concerning the 
cause and laws of its motions, and which hat an important 
bearing on our argument. It appears that the arrange- 
ment which at present obtains is precisely that which is ne- 
cessary to secure the stability of the system. This point we 
must endeavour to explain. 

If each planet were to revolve round the sun without be- 
ing affect^ by the other planets, there would be a certain de- 
gree of regularity in its motion ; and this r^^arity would 
continue ror ever. But it appears by the discovery of the 
law of universal gravitation, that the planets do not execute 
their movements m this insulated ana independent manner. 
Each of them is acted on by the attraction of ail the rest. 
The earth is constantly drawn by Venus, by Mars, by Ju- 
piter, bodies of various magnitudes, perpetualijF changing 
their distances and positions with regard to the earth ; the 
Earth in return is perpetually drawing these bodies. What, 
in the course of tmie, will be the result of this mutual lA- 
traction T 

All the planets are very small oompared with the sun, and 
therefore tne derangement which they produce in the motion 
of one of Uieir number will be very small in the course of 
one revolution. But this gives us no security that the de- 
rangement may not become very large in the course of many 
revolutions. The cause acts perpetually, and it has tbie 
whole extent of time to work m. Is it not easily conceiv- 
able then that in the lapse of ages the derangements of the 
motions of the planets may accumulate, tne orbits may 
change their form, their mutual distances may be much in- 
creased or much diminished 7 Is it not possible that theso 
changes may go on without limit, and end in the complete 
subversion and ruin of the system ? 

I^ for mstaddce, the result of this mutual gravitation should 
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be to increaM eonnderably the eccentricity of the earth's 
fffbit, that is to make it a longer and longer oval ; or to make 
the moon approach perpetually nearer and nearer the earth 
every revolution ; it is easy to see that in the one case our 
Tear would change its character, as we have noticed in the 
last section ; in tfie other, our satellite might finally fall to 
the earth, which must oi course bring about a dreadful ca- 
taatrophe. If the positions of the planetary orbits, with res- 
pect to that of the earth, were to enange much, the plcmets 
might sometimes come very near us, and thus eiaggerate 
the effects of their attraction beyond calculable limits. Un- 
der such circumstances, we might have " years of unequal 
length, and seasons of capricious temperature, planets and 
moons of portentous size and aspect, glaring and disappear- 
ing at uncertain intervals;*' tides iSce delugeB, sweeping 
over whole continents ; and, perhaps, the collision of two of 
the planets, and the consequent destruction of all organiza- 
tion on both of them. 

Nor is it, on a common examination of the history of the 
■olar system, at all clear that theie is no tendency to indefi- 
nite arraxi^ment. The fetct really i^ that changes are tak- 
ing place m the motions of the heavenly bodies, which have 
gone on prc^essively from the first dawn of science. The 
eccentricity of the earth's orbit has been diminishing firom 
the earliest observations to our times. The moon has been 
moving quicker and quicker from the time of the first re- 
corded eclipses, and is now in advance, by about four times 
hu' own breadth, of what her place would have been if it 
had not been affected by this acceleration. The obliquity 
of the ecliptic also is in a state of diminution, and is now 
about two -fifth's of a degree less than it was in the time of 
Aristotle. Will these changes go on without limit or reac- 
tion ? If so^ we tend by natural causes to a termination of 
the present system of things : If not, by what adjustment or 
conwination an we seeur^ from such a tendency! Is the 
system atabtCf and if ao^ what is the condition on which its 
stability depends ? 

To answer these questions is hi from easy. The me- 
chanical problem which they involve is no less than this ;— 
Having fiven the directions and velocities with which about 
thirty biodies are moving at one time, to find their places and 
motions after any number of ages ; each of the oodiei| all 
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the while, attracting all the others, and being attracted bf 
themaU. 

It may readily be imagined that this is a problem of ex? 
treme complexity, when it is considered that every neir 
con/^urohon or arrangement of the bodies will give rise to 
a new amount of action on eacb: and every new action to 
a new configuration. Accordingly, the mathematical m- 
veatigation of such questions as the above was too difficult 
to be attempted in the earlier periods of the progress of Phy- 
sical Astronomy. Newton did not undertake to demon- 
strate either the stability or the instability of the systao. 
T^e decision of this point required a great number ci pre- 
paratory steps and sunplifications, and such progress in ths 
mvention and improvement of mathematical methods, u 
occupied the best mathematicians of Europe for the (^rester 
part of last century. But, towards the end of that tune, it 
was shown by Lagrange and Laplace that the arrange- 
ments of the solar system are stable : that in the long rui^ | 
the orbits and motions remain unchanged ; and that the 
changes in the orbits, which take place in shorter periodi, 
never transsress certain very moderate limits. Each orbit 
undergoes (feviations on this side and on that of its average 
state ; but these deviations are never very great, and U 
finally recovers from them, so that the avera^ is preserved. 
The planets produce perpetual perturbations m each other's 
motions, but these perturbations are not indefinitely pro- 
gressive, the^fT are periodical t they r^h a maximum value 
and then diminish. The periods which this restoration re- 
quires are. for the most part, enormous ; not less than thou- 
sands. an(( in some instances, millions of years ; and hence 
it is, tnat some of these apparent derangements have been 

going on in the same direction since uie beginning of the 
istory of the world. But the restoration is in the sequel as 
complete as the derangement ; and in the meantime the dis- 
turbance never attains a sufficient amount seriously to alter 
the adaptations of the system.* 

The same examination of the subject by which this is 
proved, points out also the conditions on which this stability 
depends. "I have succeeded in demonstrating," says La- 
place, "that whatever be the masses of the planets, m coo* 

* UsHmg Expos, du Syst da Monde, p. 441. 
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flSquoioe of the &et that they oil move in the same direc* 
tioiL in orbits of small eccentricity, and slightly inclined to 
each other^-their secular inequalities are periodical and in- 
duded within narrow limits ; so that the planetary system 
will only oscillate a^bout a mean state, and will never deviate 
fiom it except by a very small quantity. The ellipses of the 
planets have been, and always will be, nearly circular. The 
ecliptic will never coincide with the equator, and the entire 
extent of the variation in its inclination cannot exceed three 
durees." 

There exists, therefore, it appears^ m the solar system, a 
provision for the permanent re^anty of its motions ; and 
this provision is found in the met that the orbits of the pla« 
nets are nearly circular, and nearly in the same plane, and 
the motions all in the same direction, namely, from west to 
east.* 

Now is it probable that the occurrence of these conditions 
of stability in the disposition of the solar system is the work 
q/[ chance 7 Such a supposition appears to be auite inad- 
missible. Any one of the orbits might have haa any con- 
centrieity.t In that of Mercury, where it is much the great- 

* bi this ■tstement of Laplace, however, one remarkable pro- 
Vision for the stabili^ of the syirtem is not noticed. The planets 
Mnenry sad Ifsrs, which have mach the largest eccentricities 
among the <dd ^neti, are those of which the masses are much 
the smallest Tti» mass of Jupiter is more than two thousand 
timft that of either of these (danets. If the orbit of Jupiter were 
as eooentrie as that of Mercury Is, all the secuiity for the stabi- 
lity of the syMem, which snalTsis has yet pointed out, would 
disappear. The earth and the smaller planets might in that case 
change their approximately circular orbits into very long ellip* 
•ea uid thus might fell into the sun, and fly off into remote spsee. 

It is fhrther remarkable that in the newly discovered pluiets^ 
of which the orbits are still more eccentric than that of Meicu- 
17, the massm are still smaller, so that the ssune provision is es« 
tibli^ied in this case also. It does not appear that any mathe- 
matician has even attempted to point out a necessary connexion 
between the mass of a planet and the eccentricity of its orbit 
on any hypothesis. May we not then consider this combination 
of smiall misses with large eccentricities, so important to the 
Pj^osss of the world, as a mark of provident care in the 
vieslor? 

t 11h 9et9KtrieUff of ajplanet's orWt is measmrsd by taking 
ths pK up uiii un of the ditfirgncsofc the greatest and least distoir 
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tit, it w only one-fifth. How came it to pass that the m 
bits were not more elongaledl A little more or a little Ibm 
velocity in their original motion! would have nrnde them mw 
T^y might haveliad any inclination to the eoliptie from 
no clegrees to 90 degrees. Mercury, which asain deviatea 
most widely, it inclined 73-4 degrees, Yenua 334» Saturn 
2 3-4, Jupiter 11-2, Mars 2. How came it that their motioni 
are thus contained within such a narrow strip of the iky? 
One, or any number of them, might have moved from eait 
to west : none of them does so. And these circumatanceiy 
which appear to be, each in particular, requiaite for the Ma- 
bility of the lystem and the smallness of its distarbaaoei^ 
are all found m combination. Does not this imply hoih 
clear purpose and profound ikilll 

It is difficult to convey an adequate notion of the eztreme 
complexity of the task thus executed. A number of bodiei, 
all attractmg each other, are to be projected in si^ch a man- 
ner that their revolutions shall be permanent and ttaUe, 
their mutual perturbations always tmalL If we return to 
the basin with its rolling balls, by which we before repie- 
sented the solar system, we must complicate with new con- 
ditions the trial of skill which we supposed. The problem 
must now be to project at once seven such balls, ail con- 
nected by strings which influence their movements, so that 
each may hit its respective mark. And we must further 
suppose, that the marks are to be hit after many thousand 
revolutions of the balls. No one will imagine that this 
could be done by accident. 

In &ct it is allowed by all those who have considered this 
subject, that such a coincidence of the existing state with 
the mechanical requisites of permanency cannot be acci- 
dental. Laplace has attempted to ealculate the probability 
that it is not the result of accident. He takes into account 
in addition to the motions which we have mentioned, the 
revolutions of the satellites about their nrimaries, and of the 
sun and planets about their axes : ana he finds that there 
is a probability, &r hieher than that which we have fbr the 
greater part of undoubted historical events, that these an- 
tes from the sun, to the mm of the same distances. Mercury^ 
freatest and leMt distances are as two and three ; his eccentri- 
city, therefor^ Is one-fiitb. 
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moei at« not the efiect of lehance. ** We ought there* 
' beaaji, **(o bdiere, with al lea«t the lame confidencei 
ipiimittvis OMne ha* directed the planetary xnotionB." 
e nlar >7atem is thus, by the confession of all sides^ 
iefiely di&reot from any tniog which we might anti-* 
i finom the easual operation of its known laws. l%o 
ol motion are no less obeyed to the letter in the most 
iikur than in the most regular motions ; no less in the ya- 
arcuit of the ball which flies round a tennis court, than 
e ffoing of a dock; no less in the &ntastical jets and 
wnich breakers make when they burst in a cpmer of 
kjr shore, than in the steady swell of the open sea. 
aws of motion alone will not produce the regularity 
1 we. ad mire in the motions of the heayenly bodies. 
i must be an original adjustment of the system on 
1 these laws are to act ; a selection of the arbitrary 
ities which they are to inyolve ; a primitiye cause which 
(tispose the elements in due relation to each other, in 
that regular leeurrence may accomj^any cdhstant 
« ; that perpetuat motion may be combinea with per- 
[ stability ; that derangements which go on increasing 
BOMuads or for millions of years may finally cure them* 
; and that the same laws which lead the planets 
ly aside from their paths, may, narrowly limit their 
ions, and luring them back from their almost imper- 
le wandflringa. 

k man does not deny that any possible peculiarity in 
ipoaidon of the planets with, regard to the sun could 
eyideoee of a controlling and ordering purpose, it 
difficult to imagine how he could look for evidence 
er than that wfaicn there actually is. Of all the innu* 
le possible cases of systems, governed by the existing 
if fbroe and motion-, that one is selected which alone 
)ea such a steadfast periodicity, such a constant aver* 
circumstances, as are, so far as we can conceive, necea* 
onditions fcHr the existence of an organic and sentient 
jid this selection is so far from being an obyious or easily 
ered means to this end, that the most profound and at* 
> eoDsideratioa of the properties of space and number, 
HI the appliances and aids we can obtain, are baielv 
ent to enable ti# to see that the end is thus aecmied^ 
lalitoaabeaeeuradiDnoothsrway. SuvelyCiieel^ 

10 
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viouB impression which adrisM from thk-vie^r of the eabjisel 
ia. that tne solar system, with its adjustment^ is the work 
01 an intelligence, who perceives, as self-evident, those 
truths, to which we attain painfully and slowly, imd alter 
ail imperfectly ; who has employed m every part of ereatioa 
refinea contrivances, which we can only wim effort under- 
stand; and who, in innumerable instances, exhibits to us 
' what we should look upon as remarkable difficultiBS r»* 
markably overcome, if it ,were not that, through the perfec- 
tion of the provision, the trace of that difficulty is almeet ob- 
literated. 



CHAPTER IV. 

Tke Sun in the Centre. 

The next circumstance which we shall notice as indica- 
tive of design in the arrangement of the material portions of 
the solar systemj is the position of the sun^ the source of 
light and heat, in the centre of the system. This could 
hardly have occurred by any thing wl^ich we can call 
chance. Let it be granted, that the law of gravitation is es- 
tablished, and that we have a large mass, with others much 
smaller in its comparative vicinity. The small bodies nmy 
then move round the larger, but this will do nothing to- 
wards making it a awn to them. Their motions m%ht ti^e 
place, the whole system remaining still utterly dark and 
cold, without day or summer. In order that we mav have 
something more than this blank and dead assemblage of 
moving clods, the machine must be lighted up and warmed. 
Some of the advantages of placing'the lightmg and warm- 
ing apparatus in the centre are obvious to us. It is in this 
way only that we could have those regular periodical re- 
turns of solar influence, which, as we mve seen, are adap- 
ted to the constitution of the living creation. And we can 
easily conceive, that there may be other incongruities in a 
'system with a travelling sun, of which we can only conjec- 
ture the nature. No one probably will doubt that the exist- 
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rstein. With the sun in the centre, ie better than anj 
' a dinerent kind would be. 

jr this lighting and warming by a central sun are 
hin^ Mipeiadded to the mere mecKanical arrangement^ 
univerae. There is no apparent reason why the lar- 
oasa of gravitating matter should difiuse inexhausti- 
pplies ofiight and heat in all directions, while the 
masses are merely passive, with respect to such in- 
es. There is no obvious connexion between mass and 
ousness, or temperature. No one, probably, will con- 
hat the materials of our system are necessarily lumi- 
)r hoL Accordinj^ to the conjectures of astronomers, 
sat and light of the sun do not reside in its mass, but 
Dating which lies on its sur£eu^. If such a coating 
&xed there by the force of universal gravitation, how 
we avoid having a similar coating on the surface of 
.rth, and of all me other elobes of the system. If 
consist in the vibrations oian ether, which we have 
)ned as a probable opinion, why has the sun alone the 
of exciting such vibrations ? If light be the emission 
iterial particles, why does the sun alone emit such 
les T Similar questions may be asked, with regard to 
whatever be the theory we adopt on that subject, 
then we appear to find marks of contrivance. The 
iffht become, we will suppose, the centre of the mo- 
>f the planets by mere mechanical causes : but what 
1 the centre of^ their motions to be also the source of 
vivif jring influences 7 Allowing that no interposition ^ 
equisite to regulate the revolutions of the system, yet 
'e what a peculiar arrangement in other respects was 
Afv, in order that these revolutions might produce 
and seasons ! The machine will move of itself we 
^rant : but who constructed the machine, so that its 
Dents might answer the purposes of life T fiow was 
ndle pla^ upon the candlestick 7 How was the fire 
ted on the hearth, so that the comfort and well-bein|Bf 
family might be secured '! Did these too fiedl into their 
by the casual operation of gravity 7 And, if not, k 
not here a clear evidence of intelligent design, of ar- 
cnent with a benevolent end 7 
8 argument is urged with great force by Newton him- 
In bis firvt letter to Bentley, he allows that matler 
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might form itself into masset by the force of attmetuBL 
»£id thus," says he, "might the min and fixed ftan be 
formed, supposing the matter were of a lucid ndtore. Bat 
how the Quitter should divide itaelf into two aorta ; and thst 
part of it which is fit to compose a shming body riiould fiJ. 
down into one mass, and make a sutf ; and the lei^ iriuoh 
is fit to compose an opaque body, should coalesce, not into 
one great body, like the shining matter, but into maor little 
ones ; or if the sun at first were an opaque body like toe pie- 
nets, or the planets lucid bodies like the sun. bow he aloBe 
should be changed into a shining body, whust all they ooo* 
tinue opaque : or all thev be chafed zntoopaque ones^ whib 
he contmued unchanged : I do not think ezphcabie by msn 
natural causes, but am forced to ascribe it to the eouflnl 
and contrivance of a voluntary Agent." 



CHAPTER V. 

T^eSatcUiiu. 

1. A PBssoir of ordinary feelings, who^ on a fine mooD- 
light night sees our satellite pouring her mild radiance on 
field and town, path an4 moor, will probably not only be dis- 
posed to " bless the useful light," but also to believe that it 
was " ordained" for that purpose ;— that the lesser light was 
made to rule the night as certainly as the greater light wtf 
made to rule the day. 

Laplace, however, does not assent to this belief. He ob- 
serves, that " some partizans of final causes have imagined 
that the moon was given to the earth to affiifd light durii^ 
the night:" but he remarks that this eahnot be sa for that 
we are often deprived at the same time of the light of the 
fun and the moon; and he points out how the mooa might 
have been plaoed so as to be always " full." 

That the light of the moon aJSbrds, to a certain extenit a 
supplement to the light of the sun, will hardly be denied. 
If we take man in a condition in which he uses artificial 
light scantily only, or not at all, there can be no doubt that 
t& moonlight nights are for him a very important additioa 
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Hlfaetnne of daylight And as ^ email proportion only of 
the whole number of nights are without some portion of 
Mnlight, the fact that sometimes both luminaries are in- 
vaUe very little diminishes the value of this advantage. 
Why we have not more moonlight, either in duration or in 
faatity, is an enquiry which a philosopher could hardly be 
tnB|)ted to enter upon, by any success which has attended 
preriouB epeeulations of a similar nature. Why should not 
the mnm be ten times as large as she is ? Why should not 
tbe pupil of man's eye be ten times as large as it is, so as to 
itteive more of the light which does arrive? We do not 
coQceive that oar inability to answer the latter question pre- 
^foia our knowing that the eye was made for seeing : nor 
^ our inability to answer the former, disturb our persua- 
<ioo that the moon was made to give lieht upon the earth. 
Laplace suggests that if the moon bad been placed at a 
certam distance beyond the earth, it wpuld have revolved 
about the sun in the same time as the eajrth does, and would 
liave always presented to us a full moon. For this purpose 
It must have been about four times as far from us as it re- 
aUy is ; and would therefore, other things remaining un- 
changed, have only been one sixteenth as large to the eye 
as our present fiill moon. We shall not dwell on the discus- 
sion of this suggestion, for the reason just intimated. But 
we may observe that in such a system as Laplace proposes 
it is not yet proved, we believe, that the arrangement would 
be stidile under the influence of the disturbing forces. And 
we may add that such an arrangement, in which the mo- 
tion of one body has a co-ordinate reference to two others, 
u tbs motion of the moon on this hypothesis would have to 
the sun and the earth, neither motion being subordinate to 
the other, is contngry to the whole known analogy of cos- 
mical phenomena, and therefore has no claim to our notice 
IS a subject of discussion. 

2. In turning our consideration to the satellites of the 
Dther planets of our system, there is one fact wioh immedi- 
ately arrests our attention ;— the number of such attendant 
bodies appears to increase as we proceed to planeta farther and 
Cuther from the sun. Such at least is the general rule. Mer- 
cury and Venus, the planets nearest the sun, have no such 
attendants : the £artn has one. Mars, indeed, who is still 
Gmher removed, has none ; nor have the minor planets, 
H 10* 
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iuDO. Vesta, Ceres, Pallai} bo that the rule kflblyapprojrf- 
mately verified. But Jupiter, who ia at fiye times tbt 
earth's distance^ has four ntellites; and Saturn, who il 
again at a distance nearly twice as great, has seven, besidaf 
that most extraordinary phenomenon his ring, whiel^ for 
purposes of illuminatiox^ is e(][uiyalent to nanny thoonod 
satellites. Of Uranus it ia difficult to apea^ nr his gresl 
distance renders it almost impossible to oMerve the smaller 
circumstances of his ccodition. It doea not appear at ail 

1)robable that he has a ring, like fikturn; mu he has it 
east five satellites which are visible to us, at the enarmoai 
distance of nine hundred millions of miles ; and wb beUevt 
that the astronomer will hardly deny that he may possiUy 
have thousands of smaller ones circulating about hun. 

But leaving conjecture, and taking only the asoertained 
cases of Venus, the Earth, Jupiter, and SatunL wb oonoeifs 
that a person of common understanding will bo strongly 
impressed with the persuasion that the satellite* aro plsoed 
in the system with a view to compensate for tlM diminishBd 
light of^the sun at greater distances. The amaller pkutet^ 
Juno, Vesta, Ceres, and Pallas, differ from the rest in so 
many ways, and iiug^ts sd many oonjectufes of reasons 
for such differences, mat we should edmoat expect to find 
them exceptions to such a rule. Mars is a mors obvious ex* 
ception. Some persons might conjecture from his case, that 
the arrangement itself like other useful arrangements, has 
been brought about by some wider law which we have not 
7et detected. But whether or not we entertain such a guesi^ 
(it can be nothing more,) we see in other parts of creatioi]^ 
80 many examples of apparent exceptions to rules, whkdi 
ore afterwards fotmd to be explained, or provided for by par- 
ticular contrivances, that no one, familiar with such oentem- 
plations, will, by one anomally, be driven from the persuasicn 
that the end which the arrangements of the se^tellites seen 
suited to Biiiwer is really one of the ends of their creatkn. 
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CHAPTER y I. 
Tke StabOUy qfthe Oesan, 

WsAT ttmwBtbythe etabilitv of the ocean may perhaps 
be explained by means of the following illustration. If we 
■appose the whqle globe of the Earth to be composed of wa* 
ter, a sphere of cork, immersed in any part of it, would come 
to the surface of the water, except it were placed exactly at 
the cantie of the earth; and even if it were the slightest dis« 
placement of the cork sphere would end in its rising aud float- 
mg. This* would be tne case whatever were the size of ths 
cork sphere, and even if it were so large as to leave compara* 
dvely little room for the water ; and the result would be near* 
ly the same, if the cork sphere, when in its central nosi* 
tun, had on its sur&ce prominences which projected aoove 
the surfieuje of the water. Now this brings us to the case in 
Wfaish we have a globe resembling our present earth, com* 
posed like it ofwater and of a sohd centre, with islands and 
continents, but having these solid parts all made of cork. 
And it appears by the preceding reasoning; that in this 
eiw& if tnere were any disturbance either of the solid or 
flukl parts, the solid parts would rise from the centre of the 
watery sphere as &r as they could : that is, all the water 
would run to one side and leave the land on the other. Such 
«n ocean would be in unstable equilibrium. 

Now a question naturally occurs, is the equilibrium of our 
fireaent ocean of this unstable kind, or is it stable 7 The sea, 
after its most violent agitations, appears to return to its for- 
mer state of repose; but may not some extraordinary cause, 
produce in it some derangement which may go on mcreas* 
mg till the waters all rush one way, and thus drown the 
highest mountains? And if we are safe from this dangtrj 
irnat are the conditions by which we are so secured? 

The illustration which we have employed obviously sug- 
gests the answer to this question ; namely, that the equilibri- 
um is unstable, so long OS the solid parts are of such a kind 
as to float in the fluid parts ; and of course we should expect 
that thtf eauilibrium will be stable whenever the contraiy is 
the caM| tnat is, when the solid parts of the earth are of greai" 
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er specific mviiy than the sea. A more syBtematie matb§' 
matical caJculation has conducted Laplace to a demonatm' 
tion of this result. 

The mean specific gravity of the earth appears to be about . 
five times that of water, so that ther condition of the 8tabi]i^ 
of the ocean is abundantly fufilled. And the provision b/ 
which this stabiUty is secured was put in fiorce through tm 
action of those causes, whatever they were, which made the 
density of the solid materials and central peurts of the earth 
greater than the density of the incumbent fluid. 

When we consider, however, the manner in which the wis- 
dom of the Creator, even in those eases in which his care is 
most apparent, as in the structure of animals, works by 
means of intermediate causes and general laws, we shall not 
be ready to reject all belief of an end in such a case aithai 
merely because the means are mechanical agencies. Laplftea ' 
says, " in virtue of gravity, the most dense of the strata of the 
earth are those nearest to the centre ; and thus the mean den- 
sity exceeds that of the waters which cover it ; which suffices 
to secure the stability of the equilibrium of the seas, and to 
put a bridle upon the fiiry of the waves. *< This statement, 
if exact, would not prove that He who subjected the matehals 
of the earth to the action of gravity did not intend to restrain 
the rage of the waters : but the statement is not true m fact. 
The lower strata, so far as man has yet examined, are very 
far from being constantly, or even generally, heavier than 
the superincumbent ones. And certainly solidification by 
no mesms implies a greater density than fluidity : Uie den- 
sity of Jupiter is one fourth, that of Saturn less than one 
seventh, of that of the earth. If an ocean of water were 
poured into the cavities upon the surface of Saturn, its equv* 
librium would not be stable. It would leave its bed on one 
side of the globe ; and the planet would finally be composed 
of one hemisphere of water and one of land. If the JSarth 
had an ocean of a fluid six times as heavy as water ((quick- 
silver is thirteen times as heavy,) we should have, m like 
manner, a dry and a fluid hemisphere. Our inland rivers 
would probably never be able to reach the shores^ but would 
be dried up on their way, like those which run in torrid de 
sarts ; perhaps the evaporation from the ocean would never 
reach the inland mountains, and we should have no riven 
at aU. Without attempting to imagine the details of such a 
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eonditioii, it k e&iy to lee that to secure the exiitence of a 
diffiuent esie is on end which is in harmony with all that we 
■ee of the preserving core displayed in the rest of creation.* 



CHAPTEa VIL 
Hie Nebular Hypothuit. 

Wi have referred to Laplace, as a profound mathema- 
tician, who has strongly expressed the opinion, that the 
arrangement by which tne stability of the solar system is 
secured is not tne result of chance ; that " a primittve eaius 
has directed the planetary motions." The author, however, 
haying arrived, as we have done^ at this conviction, does 
not draw from it the conclusion which has appeared to us so 
irresistible, that "the arrangement of the solar system can- 
not but be the work of an intelligent and most powerful be- 
ing." Hit Quotes these expressions, which are those of 
Newton, ana points at them as instances where that ereat 
philosopner had deviated from the method of true phuoso- 
phy. He himself proposes an hypothesis concerning the 
nature of tbeprimuive catwe of which he conceives tte ex- 
istence to be thus probable : and this h^rpothesis, on account 
of the feucXM which it attempts to combine, the views of the 
universe which it presents, and the emiuence of the person 
by whom it is propounded, deserves our notice. 

1. Laplace conjectures that in the original condition of the 
■olar system, the sun revolved upon his axis, surrounded 
by an atmosphere which, in virtue of an excessive heat^ 

* The stabflltj of the axis of rotation abotit which the earth 
revolyes, has sometimes been adduced as an instance of preser- 
vatlys care. The stability, however, would follow necessarily, 
if the earth, cr its sapeillcial parts, were oriffinally fluid; and 
that they were so te an opinion widely received, botb amonf as* 
tronomeni and geologists. The original fluidity of the earth is 
probably a circumstance depending upon the general scheme of 
erasikn ; and eannot with propriety be considered with refo- 
Tenee lo ens particular result We shall therefore omit any 
fluthor oonsldBnttioo of this argument 
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extended far beyond the ort)it8 of all the planeto^ the plft' 
nets as yet havine no existence. The neat graduallt 
diminished, and as me solar atmosphere contracted by coot 
mg, the rapidity of its rotation increased by $he laws of ro 
tatory motion, and an exterior zone of vapour was detache/ 
from the rest, the central attraction being no longer able U 
overcome the increased centrifugal force. This zone of var 
,pour mi^ht in some cases retain its form, as we see it in Sa 
turn's ring ; but more usually the ring of vapour wouli 
break into several masses, and these would generally coa 
lesce into one mass, which would revolve about the sun. 
Such portions of the soLar atmosphere, abandoned succes- 
sively at different distances, would form *' planets in the 
state of vapour." These planets, it appears from mecha- 
nical considerations, would have each its rotatory motion, 
and as the cooling of the vapour still went on, would each 
produce a planet, which might have satellites and rings, 
rormed from the planet in the same manner as the planets 
were formed from the atmosphere of the sun. 

It may easily be conceived that all the primary motions 
of a system so produced would be nearly circular, nearly in 
the plane of the original equator of the solar rotation, and 
m the direction of that rotation. Reasons are offered also 
to show that the motions of the satellites thus produced and 
the motions of rotation of the planets must be in the same 
direction. And thus it is held that the hypothesis accounts 
for the most remarkable circumstances in the structure of 
the solar system : namely, the motions of the planets in the 
same direction, and almost in the same plane ; the motions 
of the satellites in the same direction as those of the pianos; 
the motions of rotation of these different bodies still in the 
same direction as the other motions, and in planes not 
much different ; the small eccentricity of the orbits of the 
planets, upon which condition, along with some of the pre- 
ceding ones, the stability of the system depends ; and the 
position of the source of light and heat in the centre of tha 
system. 

It is not necessary for the purpose, nor suitable to the plan 
of the present treatise, to examine, on physical grounds, 
the probability of the above hypothesis. It is proposed by 
its author, with great diffidence, as a conjecture only. We 
might, therefore, very reasonably put off all discussion of 
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the bearingB of this opinion upon our views of the ^vem- 
ineot of the world, till the opinion itself should have assum- 
ed a less indistinct and precarious form. U can be no charge 
against our doctrines, that there is a difficulty in reconcil- 
ing with them arbitrary guesses and half formed theories. 
Yfe shall, however, make a few observations upon this Tie- 
bular hyjp(^ke3i8y as it may be termed. 

2. If we grant, for a moment, the hypothesis, it bv no 
meaAfi proves that the solar system was formed without 
the intervention of intelligence and design. It only trans- 
fers our view of the skill exercised, and the means cm- 
plqyed, to another part of the work. For how came the 
sun and its atmosphere to have such materials, such mo- 
tions, such a constitution, and these consequences followed 
from their primordial condition 7 How came the parent va- 
|K>ur tihus to be capable of coherence, separation, contrac- 
tk>n, solidification 1 How came tlie laws of its motion, at- 
traction^ repulsion, condensation, to be so fixed, as to leaxl to 
a beautiful and harmonious system in the end 7 How came 
It to be neither too fluid nor too tenacious, to contract neither 
too quickly nor too slowly, for the successive formation of 
the several planetary bodies 7 How came that substance, 
which at one time was a luminous vapour, to be at a subse- 
quent period, solids and fluids of many various kinds 7 
What but design and intelligence prepared and tempered 
this previously existing element, so that it should by its na- 
tural changes produce such an orderly system? 

And if in this way we suppose a planet to be produced, 
what sort of a body would it be?— something^ it may be 
presumed, resembling a large meteoric stone. How comes 
this mass to be covered with motion and organization, witn 
jife and happiness 7 What primitive cause stocked it with 
plants and animals, and produced all the wonderful and 
subtle contrivances which we find in their structure, all the 
wide and profound mutual dependencies which we trace m 
their economy 7 Was man, with his thought and feelinf , bis 
powers aiHl hopes, his will and conscience, also produced 
as an ultimate result of the condensation of the solar at- 
moiphere 7 Except we allow a prior purpose and intelligence 
pfeaidine over tnis material "primitive cause," how irre* 
ooneilaifo is it with the evidence which crowds in upon ua 
from ofery ndef 
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3. In ^ next place^ we may obeenreeoneenmi^tfaiiby 
pothesia, that it carries us back to the beginninff ^ the pre- 
sent Bystem of things ; but that it is impossible Tor our resr 
son to stop at the point thus presented to it* TtiB sun, the 
earth, the planets, the moons were brought into their present 
order out of a previous sta^ and, as is supposed in tne the- 
ory, by the natural operation of laws. But how came that 
previous state to exist ? Wt are oom^elled to suppose that it, 
m like manner, was educed from a still prior state of thin^ j 
and this, again, must have been the result of a coodition 
prior stilL Nor is it jxiBsible for us to find, in the tenets of 
the nebular hypothesis, any resting place or satisfaction 
for the mind. The same reasoning faculty, which seeks fx 
the origin of the present system of things, and is caped)le of 
assentmg to^ or aissenting from the hypothesis propounded 
by Laplace as an answer to this inquiry, is necessarily led 
to seel^ in the same manner, for the origm of any previous 
system of things, out of which the present may appear to 
have grown : and must pursue this train of inquiries unre- 
mittingly, so long as the answer which it receive describes 
a mere assemblage of matter and motion ; since it would be 
to contradict the laws of matter and the nature of motion, 
to suppose such an assemblage to be the^r^^ condition. 

The reflection just stated, may be illustrated by the fur- 
ther consideration of the nebular hypothesis. This opinion 
refers us for the origin of the solar system, to a sun sur 
rounded with an atmosphere of enormously elevated tem- 
perature, revolving and cooling. But as we ascend to a still 
earlier period, what state of things are we to suppose t— « 
still higher temperature, a still more diffused atmosphere* 
Laplace conceives that, in its primitive state, the sun con- 
sisted hi a diffused luminosity so as to resemble those ne* 
bulse among the fixed stars, which are seen by the aid of the 
telescope, and which exhibit a nucleus, more or less bril« 
liant, surrounded by a cloudy brightness. " This anterior 
state was itself preceded by other states, in whiph the nebu- 
lous matter was more and more diffuse, the nucleus beinjif 
less and less luminous. We arrive," Laplace sa3rs, "in this 
manner, at a nebulosity so diffuse, that its existence could 
pcarceiy be suspected." 

" Such is," he adds, " in &ct, the first state of the nebu 
la which Hersohel carefully observed by meftni of his pow * 
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eifaH teleKopes. He traced the nrogi ^ 

tiol^ not indeed on one nebula, tor this 

become perceptible to us in the course of centuries ; 
in the aBsemolage of nebulae; much in the same man- 
ner as in a large forest we may trace the growth of trees 
BjDong the examples ofdifferent ages which stand side by side. 
He saw in the nrst place the nebulous matter dispersed in 
patches, in the different parts of the sky. He saw in some of 
these patches this matterfeeUy condensed round one or more 
faint nuclei. In other nebulee, these nuclei were brighter 
Jn proportion to the surrounding nebulosity ; when by a 
further condensation the atmosphere of each nucleus be- 
comes separate from the others, the result is multiple 
nebulous stars, formed by brilliant nuclei very near each 
other, and each surrounded by an atmosphere : sometimes 
the nebulous matter condensm^ in a uniform manner has 
produced nebulus systems which are called planetary. Fi- 
nally, a still greater de^ee of condensation transforms all 
these nebulous systems mto stars. The nebulse, classed ac- 
cording to this philosophical view, indicate with extreme 
probability their future transformation into stars, and the 
anterior nebulous condition of the stars which now exist. 

It appears then that the highest point to which this series 
of conjectures can conduct us, is, " an extremely difftieed 
nebulosity," attended, we may sunpose, by a fu nigher de- 
gree of heat, than that which at a later period of the hypo- 
thetical process^ keeps all the materials of our earth and 
planets in a state of vapour. Now is it not impossible to 
avoid asking, whence was this light, this heat, this diffu- 
sion f flow came the laws whicn such a state implies, to 
1» ainady in existence 1 Whether light and heat produce 
their effects by means of fluid vehicles or otherwise, they 
have complex and varied laws which indicate the existence 
of some subtle machinery for their action. When and how 
was this machinery constructed? Whence too that enor« 
tnous expansive power which the nebulous matter is sup* 
posed to possess ; and i^ as would seem to be supposed m 
this doctrine, all the material ingredients of the earth existed 
in this diffuse nebuloeky, either in the state of vapour, or 
fo some state of still greater expansion, whenpe were tney 
And their properties 7 now came there to be of each simple 
•ubstanos which now enters into the composition of the uni* 

U 
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verse, just so much abd no more 7 Do we not, far mart 
than ever, re(^uire an origin of this ori^ 7 an explanation d 
this explanation? Whatever may be the merita of the opinioa 
as a physical hypothesis, with which we do not here med* 
die, can it for a moment prevent our lookine beyond the 
hypothesis, to a First Cause^* an Intelligent Author, an ori- 
gm preceding from free volition, not from material necefl* 
sityi 

But again : let us ascend to the highest point of the hypo* 
thctioal progression ^ let us suppose the nebulosity difiiised 
throughout all space, so that its course of running into patches 
is not yet begun. How are we to suppose it distributed f Ii 
it equculy dinused in every part ; clearly not ; for if it were, 
what should cause it to gather into masses, so various in 
size, form and arrang^ement? The separation of the nebu' 
lous matter into distinct nebulee implies necessarily some 
original ine(^uality of distribution ; some determining ci^ 
cumstances in its primitive condition. Whence were these 
circumstances 7 this inequalitv 7 we are still compelled to 
seek some ulterior agency and power. 

Why must the primeval condition be one df change at all? 
Why should not the nebulous mattef be equably difiused 
throughout space, and continue for ever in a state of equa- 
ble dinusion, as it must do, from the absence of all cause to 
determine the time and manner of its separation? why 
should this nebulous matter grow cooler and cooler ? why 
should it not retain for ever the same degree of heat, whaU 
ever heat be 7 If heat be a fluid, if to cool be to part with 
this fluid, as many philosophers suppose, what becomes oi 
the fluid heat of the nebulous matter, as the matter cooU 
down? Into what unoccupied region does it find its way 7 

Innumerable questions of the same kind might be asked 
and the conclusion to be drawn is, that every new physica 
theory which we include in our view of the universe, in 
Yolves us in new difficulties and perplexities, if we tiy t( 
erect it into an ultimate and final account of the existent 
and arrangement of the world in which we live. With tb 
ervidenoe of such theories, considered as scientific general isa 
tions of ascertained facts, with their claims to a place b 
oiir natural i^ilosophy, we have here nothing to do. Bu 
if they are put forwarids as a disclosure of^the ultimat 
oauieof that which occuns and as superseding the necea 
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wtf of kidkinfffdrther or higher; if they claim a place in 
oar Natural Theolo^, as well as our Natural Philosophy ; 
we conceive that their pretensions will not bear a moment's 

Leaving then to other persons and to future ages to de- 
dde upon the scientific jnerits of the nebular hypothesis, 
we conceive that the &ial f&te of this opinion cannot, in 
sound reason, affect at all the view which we have been en- 
deavouring to illustrate ; — the view of the universe as the 
work of a wise and jgood Creator. Let it be supposed that 
the point to which this hypothesis lesuls us, is the ultimate 
point of physical science : that the farthest glimpse we can 
obtain ot tne material universe bv our natural faculties, 
shows it to us occupied by a boundless abyss of luminous 
matter; still we ask, how space came to be thus occupied, 
how matter came to be thus luminous? If we establiBn by 
physical proofs, that the first fact which can be traced in the 
oiitory of^the world, is that ** there was light ;" we shall still 
be led, even by our natural reason, to suppose that before 
this could occur, ** Grod said, let there be Tight.'* 



CHAPTER Vm. 

The Esidenea f^f a RensHng Medium in the Solar 

System. 

Thx question of a plenum and a vacuum was formerly 
Buch debated amon^ those who speculated concerning the 
constitation of the universe ; that is, they disputed whether 
the oelesthd uid terrestrial spaces are absolutely fiili, each 
portion being occupied by some matter or other ; or whe* 
Uier there are, between and among the material parts of the 
the world| empty spaces free from all matter, however 
tare. This question was often treated by means of ab* 
■tract conceptions and a priori reasonings ; and was some- 
times considered as one in which the result of the-struggle 
b etw e e n rival systems of philosophy, the Cartesian and 
9fewtocuan for mstance was involved. It was conceived 
by some that the Newtonian doctrine of the motions of the 
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heavenly bodiei| according to mechiinica] Uwi^ nouiBid 
that the ipace in which the j moved should be^ abeolutflly 
and metaphysically ipeakin§;^ a vaeaum. '' 

Thia, howeveri is not necessary to the truth of the lltir- 
tonian doctrines, and does not appear to have been iniendnd 
to be asserted by Newton himself. Undoubtedly, aeeord- 
ing to his theory, the motions of the heavenly bodies were 
calculated on tM auppotitUm that they do move in a spaeo 
void of any resisting fluid ; and the comparison of the pdkeea 
, so calculated with the places actually observed, feontinued 
for a long course of years, and tried m innumeraole casei^) 
* did not show any dif^rence which implied the existence 
of a resisting fluid. The Newtonian, therefore^ was justi- 
fied in assertmg that either there was no such fluid, or that 
it was either so thin and rarefied, that no phenomenon yet exa- 
mined bj astronomers was capable of betraying its efBscta. 

This was all that the Newtonian needed or ought to 
maintain ; for his philosophy, founded altogether u^n ob- 
servation, had notning to do with abstract possibilities and 
metaphysical necessities. And in the same manner in which 
observation and calculation thus showed that there could be 
none but a very rare medium pervading the solar system, it 
was left open to observation and calculation to prove that 
there was such a medium, if any facu could be discovered 
which offered suitable evidence. 

Within the last few years, facts have been observed 
which show, in the opinion of some of the best mathematicians 
of Europe, that such a very rare medium does really occupy 
the spaces in which the planeU move; and it may be pro- 
per and interesting to consider the bearing of this opinion 
upon the views and arguments which we nave had here to 
present. 

J. Reasons might be offered, founded on the universal 
diffusion of light and on other grounds, for believing that the 
planetary spaces cannot be entirely free from matter of some 
kind ; and wherever matter is, we should expect resistance. 
But the facts which should have thus led astronomers to 
the conviction that such a resisting medium really exists, 
are certun circumstances occurring in the motion of a body 
revolving round the sun, which is now usually called 
Mncke?a comet. This body revolves in a very eccentric or 
oblong orbit, its greatest or aphelion distance from tha 
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, and ita nearer, or perihelion dietance, bein^ in the 
pro p ot tkm ofmorethantentoone. In this reBpect it agrees 
^iwother Moaeli ; but its time of revolution about the sun 
it mnoh ]mi than that of the comets which have excited 
taioat notice; for while they appear at lon^ intervals of 
^^earo, the body of which wa are now spealcmg returns to 
Jta perihelion every twelve hundred and eight days, or in 
«b<Nit three years and one third. Another olsservable cir- 
cumfllaiiee in this singular body, is its extreme appai^ent 
tenuity; it appears as a loose indefinitely formed speck of 
vapour, through which the stars are visible with no per- 
ceptible diminution of their brightness. This body was 
first seen by Mechain and Messier, in 1796,* but they ob- 
tained only two observations, whereas three, at least, are 
requisite to determine the ipam of a heavenly body. Miss 
Herschel discovered it again in 1796, and it was observed 
by several European astronomers. In 1806 it was again 
■sen, and again in 1819. Hitherto it was supposed that 
Ihe four comets thus obsenrod were all different ; Encke, 
however, showed that the observations could only be ex- 
plained by considering them as returns of the same revolv- 
ing body ; and bj doing this, well merited that his name 
■hould be associated with the subject of his discovery. 
The reCam of this body in 1822, was calculated beforehand, 
and obierved in New South Wales, the comet being then in 
the soathOTn part of the heavens ; but on comparing the cal- 
culated and observed places^ Encke concluded that the ob- 
servatioiis could not be exactly explained, without suppos- 
ing a^rensting medium. This comet was again generally 
•bservtedin Europe in 1826 and 1828, and the circumstances 
of die last appearance were particularly &vourable for de- 
temuning the absolute amount of the retardation arising 
from the medium, which the other observations had left un- 
determined. 

The effeet.of this retardmg influence is, as might be sup- 
posed from what has alreadv been said, extremely sli^^ht; 
and would probably not have been perceptible at ail, but for 
the loose texture and small quantity of matter of the revolv- 
ing body. It will easilj be conceived that a body which has 
perhaps no more solidity or coherence than a cloud of dust, 

* Airy on Encke's Comet, p, 1, Note. 
11* 
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or a wreath of amoke, will have less force to make its wvf 
through a fluid medium, howeyer thin, than a more denM 
and compact body would have. In atmospherio air much 
rarefied, a bullet might proceed for miles without losing 
any of its velocity, while such a loose mass as the comet if 
supposed to be would loose its projectile motion in the specs 
of a few yards. This consideration will account for the 
circumstance, that the existence of such a medium has been 
detected by observing the motions of Encke's comet, though 
the motions of the heavenly bodies preyiously observed 
showed no trace of such an impediment. 

It will appear perhaps remarkable that a body so light 
and loose as we nave described this comet to be, should 
revolve about the sim by laws as fixed and certain as those 
which regulate the motions of those great and solid massei, 
the Earth and Jupiter. It is however certain from observ' 
ation, that this comet is acted upon by exactly the same 
force of solar attraction, as the other bodies of tne system; 
and not only so. but that it also experiences the same kind 
of disturbing force from the action of the other planets, 
which they exercise upon each other. The effect of all 
these causes has been calculated with great care and labour; 
and the result has been cm agreement with observation sof* 
ficiently close to show that these causes really act, but at 
the same time a residual phenomenon {aa Sir J. Hercshel 
expresses it) has come to light; and from this has been 
collected the inference of a resisting medium. 

This medium produces a very small efiect upon the m> 
ti<« of the comet/as will easily be supposed from what has 
been said. Byr Encke's calculation, it appears that the ef- 
fect of the resistance, supposing the comet to move in the 
earth's orbit, would be about an eight hundred and fiftieth 
of the 8an*8 force on the body. 'Die effect of such resist- 
ance may appear, at first sight, paradoxical ; it would be 
to make the comet move more slowly, but perform it» »»- 
voliOiona more quickly. This, ho¥rover, wiU perhaps be 
understood if it be considered that by movinfc more slowly 
the oomet will be more rapidly drawn towards the ceotreb 
•ad that in this way a revolution will be described by a 
■faorter path than it was before. It appears that in gettm^ 
naod the sun^ the comet ^^s more in this way than it 
WMai'by the dminminn of tm yeloeity. The case is muoh 
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like that of a stone thrown in the air; the«tone mdves mom 
■towly than it would do if there were no air; but yet it 
comes to the earth sooner than it would do on that suppo- 
akion. 

It appears that the e^ct of the re8i8tance^)f the ethereal 
medium, firom the first discovery of the cotnet up to the pre« 
cent time, has been to diminiflh the time of revolution by 
about two days { and the comet is ten days in advance of 
the place which it would have reached, ii there had been 
no resistance. 

2. The same in^um which is thus shown to produce an 
effect upon Encke's comet, must also act upon the planets 
which move through the same spaces. The effect upon 
«he planets, however, must be very much smaller than the 
effect upon the comet, in consequence of their greater quan- 
tity of matter. 

It is not easy to assi^Q any probable value, or even any 
certain limit, to the e£Eect of the resisting meaium upon tKe 
planets. We are entirely ignorant of the comparative mass 
of the comet, and of any of the planets; and hence, cannot 
make any calculaticm founded on such a comparison. New- 
tcm baa endeavoured to show how small the resistance of the 
medium must be, if it exist.* The result of his calculation 
is^ that if we take the density of the medium to be that which 
our air will have at two hundred miles from the earth's sur- 
fiuscL.supposinff the law of diminution of density to go on 
imaltered, ana if we suppose Jupiter to move in such a 
medium, he would in a million years loose less than a 
millioatQ part of its velocity. If a planet, revolving about 
the sunt were to loose any portion ot its velocity by the ef- 
Ib^ of resistance, it would be drawn proportionally nearer 
the sun, the tendency towards the centre being no lon^r 
aaffieieiitly counteracted by that centrifugal force which 
arises from the body's velocity. And if the resistance were 
ta continue to act, the body would be drawn perpetually 
IMarer and nearer to the centre, and would describe its re- 
IMlutioniB quicker and quicker, till at last it would reach 
l|i» ^ttitralrbody, and the system would cease to be a sys- 

n. 

Thai VQMlh » true, however small be the velocity lost by 
* Principis, b. ill. prop. x. 
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resistance ; the only difference being, that when the rttkH^ 
ance is small, the time requisite to eztine^uish the whob 
motion will be proportionally longer, lu allcases the timei 
which come under our consideration in problems of thii 
kind, are enormous to common apprehension. Thus Encke'i 
comet, according to the results of the observations already 
made, will lose, in ten revolutions, or thirty-three yean^ 
less than one-tliousandth of its velocity : and if this law 
were to continue, the velocity wou4d not be reduced to one- 
half its present value in less than seven thousand revela- 
tions or twenty-three thousand years. If Jupiter were 
to lose one-millionth of iiis velocity in a million yean, 
(which, as has been seen, is far more than can be coDside^ 
cd in any way probable,) he would require seventy millioni 
of years to lose one-thousandth of the velocity ; and a pe- 
riod seven hundred times as lone to reduce the velocity to 
one-half. These are periods ol time which auite ove^ 
whelm the imagination ; and it is not pretended tnat the cal- 
culations are made with any uretensions to accuracy. Bat 
at the same time it is beyona doubt that though the inter- 
vals of time thus assigned to these changes are highly vague 
and uncertain, the changes themselves must, sooner or later, 
take place, in consequence of the existence of the resisting 
medium. Since there is such a retarding force perpetually 
acting, however slight it be, it must in tne end destroy all 
the celestial motions. It may be millions of millions ci 
years before the earth's retardation may perceptibly affect 
the apparent motion of the sujn ; but stdl the day will come 
(if the same Providence which formed the system, should 
permit it to continue so long) when this cause will entirely 
change the length of our year and the course of our seasons, 
and mially stop the eartli's motibn round the sun altogether. 
The smallness of the resistance, however small we choose 
to Hippose it, does not allow us to escape this certainty. 
There w a resisting medium ; and, therefore, the movementi 
of the solar system cannot go on for ever. The moment 
such a fluid is ascertained to exist, the eternity of the move- 
ments of the planets becomes as impossible as a perpetual 
motion on the earth. 

3. The vast periods which are brought under our con- 
■ideratnn in tracing the efiects of the resisting medium, har- 
naoDBe with all that we learn of the constitution of the uni- 



ftMitrmo xjBDicif. Ui 

irom other sources. Millions, and imUions of ytam 
iressioDs that at first sight appear fitted only to over- 

aad coofimnd all our powers of thought-; and such 
rs axe no doubt beyond the limits of any tiling which 
;mctly conceive. But our powers of conception are 
rather to the wants and uses of common lifei than to 
•lete aurvey (tf the univei^e. It is in no way unlikely 
e whole duration of the solar system should be a pe> 
imeasurably great in our eyes, though demonstrably 

Such enormous numbers have been brought under 
Uce by all the advances we have made in our know- 
>f nature. The smallness of the objects detected by 
croacope and of their parts ; — the multitude of the 
'hich the best telescopes of modern times have dis- 
1 in the sky ; — the duration assigned to the globe of 
th by geological investigation;— fdl these results re- 
}r their probable expression, numbers, which so £eur 
lee, are on the same gigantic scale as the number of 
in which the solar system will become entirely de- 
. Such calculations depend in some degree on our 
1 to the vast aggregate of the works of our Creator ; 
person who is accustomed to meditate on these sub- 
rill be surprised that the numbers which such an oc 

requires should oppress our comprehension. JNo 
10 has dwelt on the thought of a universal Creator 
esarver, will be surprised to find the conviction for-^ 
on the mmd by every new train of speculation, that 

in reCerence to Uim, our space is a point, our time 
snt, our millioas a handful, our permanence a quick 

knowledge of the vast periods, both geological and 
imical, oi which we have spoken, is most slieht. It 
ct little more than that such periods exist ; that the 
of the earth has, at wide intervals of time, under- 
reat changes in the disposition of land and water, and 
»rms of anmial life ; and that the motions of the hea- 
Kxiies round the suu are affected, though with incon- 
B slowness, by a force which must end by deranging 
itoeether. It would therefore be rash to endeavour 
disn any analogy between the j)erioda thus disclosed ; 
may observe uiat they agree in this, that they ro- 

I 
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^duce all tiling to the gexieral rule of JirUU duration. Am 
all the geological states of which we find eridence in the 
present state of the earth, have had their termination, so 
also the astronomical conditions under which the revolu- 
tions of the earth itself proceed, involve the necesatey of a 
future cessation of these revolutions. 

The contemplative person may well be struck by thisuni- 
versal law of the creation. We are in the habit sometimes 
of contrasting the transient destiny of man with the permar 
nence of the forests, the mountains, the ocean, — with the un* 
wearied circuit of the sun. But this contrast is a delusicm 
of our own imagination ( the difference is after all but one 
of degree. The forest tree endures for its centuries, and 
then decays ; the mountains crumble and change, ana per- 
haps subside in some convulsion of nature ; the sea retires, 
and the shore ceases to resound with the "everlasting'' 
voice of the ocean ; such reflections have already crowded 
upon the mind of the geologist ; and it now appears that 
the courses of the heavens themselves are not exempt from 
the universal law of decay ; that not only the rocks and the 
mountains, but the sun and the moon have the sentence "to 
end" stamped upon their foreheads. They enjoy no privi- 
lege beyond man except a longer respite. The ephemerom 
perishes in an hour ; man endures for his threescore years and 
ten ; an empire, a nation, numbers its centuries, it may be 
its thousands of years ; the continents and islands which its 
dominion includes have perhaps their date, as those which 
preceded them have had ; and the very revolutions of the 
sky by which centuries are numbered will at last languish 
and stand still. 

To dwell on the moral and religious reflections suggested 
by this train of thought is not to our present purpose ; but we 
may observe that it introduces a homogeneity^ so to speak, 
into the government of the universe. Perpetual change, 
perpetual proeression, increase and diminution, appear to 
be the rules of the material world, and to prevail without 
exception. The smaller portions of matter which we have 
nefir us, and the larger, which appear as luminaries at a 
vast distance, dift'erent as they are m our mode of conceiv* 
ing them, obey the same laws of motion ; and these lawa 
poduce the same results ; in both cases motion is perpetu 
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l&V destroyed, except it be repaired by some living powers 
in both caaea the relative rest of some parts of a material 
system ia the conclusion to which its motion tends. 

4. it may perhaps appear to some, that this acknowledg- 
ment of the tendoicy of the system to derangement through 
the action of a resisting medium is inconsistent with the ar* 

Siment which we have drawn in a previous chapter, from 
e provisions of its stability. In reality, however, the two 
▼iewB axe in perfect agreement, so far as our purptose is con- 
cerned. The main pomt which we had to urge, in the con- 
sideration of the stability of the system, was, not that it is 
constructed to last forever, but that while it lasts, the devia- 
tions from its mean condition are very small. It is this pro- 
perty which fits the world for its uses. To maintain either 
the past or the future eternity of the world, does n(^ appear 
consistent with physical principles, as it certainly does not 
fedl in with the convictions of the religious man, in what- 
ever way obtained. We conceive that this state of things 
has had a beginning ; we conceive that it will have an end. 
But in the mean time we find it fitted, by a number of re- 
markable arrangements, to be the habitation of living crea- 
tures. The conditions which secure the stability, and the 
smallness of the perturbations of the system, are among 
theae provisions. If the eccentricity of the orbit of Venus, 
or of Jupiter, were much greater than it is, not only might 
some of the planets, at the close of ages, fiail into the sun or 
fly off into infinite space, but also, in the intermediate time, 
the earth's orbit might become much more eccentric ; the 
course of the seasons and the average of temperature might 
vwry from what they now are, so as to injure or destroy the 
whole organic creation. By certain original arrangements 
these destru3tive oscillations are prevented. So long as the 
bodies continue to revolve, their orbits will not be much di^ 
lerent firom what they now are. And this result is not af- 
fected by the action of the resisting medium. Such a me- 
dium cannot increase the smedl eccentricities of the orbits^ 
The range of the periodical oscillations of heat and cold 
will not be extended by 'the mechanical effect of the me* 
dium, nor would be, even if its density were incomnarably 
fpreater than it is. The resisting medium therefore aoes not 
at all counteract that which is most important in the provi- 
tkm for the permanency or the solar syitem. If the stabi- 
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litr of te avvtest had not becB Hcored bj Che •djotmeali 
wrixh we ieacrjx d ai a ianate chapter, the eoune dC ihf 
surfac ba've beec dacarbed to ■■ mjuiioiis or efvt 
rff» ex%f:i la :he eonrK of a fev ccn t uri e i, or vtva. 
:be l!xci of occ cccensioo; by the eftet of there* 
^ ■rriinwi tha oritf of Baianiaaaina m^haaged fotf 

perwi, ccm pared wtii which the knovBdantioD of thf 
huaiaa race ia'isa^iararJL 

ffas, k aay be ociected, the cSbcC of the nediniii imnt to 
vltizsase^T to m^v^ toe diuataai of the earth*s levoiutioii 
ro'jr^i ch« rjr*. &ad thus to derao^ thooe adapCatkios which 
depeodocioelfeafiioftEe T«ar. And, wkfaoot ^[oeatioD, if 
w? peria.t ooratlves 10 look IcKward to thai ineooeeiTafaly d» 
Ma:?enoi ai wtich u» edect of :he medium vill become kd* 
•i-yA. *hs mojc be alkrarcd tobe true, ae has been akouiy sta* 
ted. lLilx>nat aaJ probahlr milliooaof milhom^ of years e»^ 
pms inaitfi^uaiflj the datfance of time at which this cauw 
wouliprod'jce a aenoae effect. That the marhiuf of the uni* 
rerK ii 80 eoDatrocted that kmaj anower ita mirpooea fcr Bueh 
a penod, ie oorIt sufficient proof of the ekw of its work- 
Kan^kxat* aad of^ the reaJky of its puiiwi a e : and thoae per' 
sooSf ^rofaal^T. who are hcA coavinoea that it is the w<Hk 
of a wiae acri'good Creator, wiU be least rfiqiosed to ccn- 
■ider ate srsEeai as imperfect, becaaae in its {weaent oondi- 
tkn k is zaoc fitted for eteniitv. 

& Tile doctrne of a BesiMiDg Medium leads US towards 
a point which the Nebular Hypotheskaasumea;— a hegit^ 
mtJ^ of the present order of thmga. Hiere must have been 
aeummenoement of the motions now gomr <m in the sdar 
sTsteai. Since these motions, when onee begun, would be 
demand and destroyed in a perxMl which, Mwever Isnn. 
is yet anite ^ki s <rfnnoos we caimot carry their origin inde- 
fautdjf ba ckw ards m a range of past dunition^ "Teresa 
period in which these revdutions, when ever they had be 
gun, would have bnxight the revolving bodies into cootaet 
with the central mass ; and this period has in our system 
DOC yet elapsed. Hie watch is still going, and there&n il 
must have b een w ound op within a famited time. 

Theaolar system, at tnis its beginning, must have been 
arrapged and put in motion by some cause. If we supmns 
ttiisoanse tooperateby means of the configoratims ana ths 
propeitiei of previously ezmmg matter, these oon^gonb' 



txmn matt have reflulted from Mme still prevkmi cauoe, 
these propertieB must have produced some previous effects 
We are dius l«i to a condition still earlier than the assumed 
beginning : — to an origin of the original state of the uni« 
verse ; and in this manner we are carried perpetually fur- 
ther and further back, through a labyrinth of mechanical 
causationi without any possimlity of finding any thing in 
which the mind can acquiesce or rest, till we admit '*A 
First Cause which is not mechanioaL" 

Thus the argument which was before urged against those 
in particular, who put forwards the Nebular Hypothesis 
in opposition to the admission of an Intelhgent Creator, of- 
fers Itself again, as cogent in itself when we adopt the 
opinion of a resisting medium, for which the physical proofs 
have been found to be so strong. The argument is mdeed 
forced upon our minds, what ever view we take of the past 
history of the universe. Some have endeavoured to evade 
Its force by maintaining that the world as it now exists has 
existed from eternity. They assert that the present order 
of things, or an order of things in some way resemblmg the 
present produced by the same causes, governed by the 
same laws, has prevailed through an infinite succession of 
past ages. We shall not dwell upon any objections to this 
tenet which might be drawn from our own conceptions, or 
from what may' be called metaphysical sources. Nor shall 
we refer to the various considerations which history, ee- 
ologyj and astronomical records supply^ and which tend to 
show, not only that the past duration or the present course 
of things is unite, but that it is short, compared with such 
periods as we have had to speak of. fiut we may observe, 
that the doctnne of a resisting medium once estabhshed, 
makes this imagination untenable ; compels us to go back 
to the origin, not only of the present course of the world, 
not only olF tne earth, but of the solar system itself; and 
thus sets us forth upon that path of research into the series 
of past causation, where we obtain no answer of which the 
meaning corresponds to our questions, till we rest in the 
conclusion of.a most provident and most powerful Creating 
Intelligence. 

It is related of Epicurus that when a boy, reading witli 
his preceptor these verses of Hesiod, thus translated; 

12 
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Xfar jmxnr ashiiiu&K beary^ la aqooninFe f^enxiu bf 
MUinic *'~JLzic DtianE viiausi 7" Wbeo m hk nper jtan 
ht luu. pBTBuuBL luxucz luatihii qrasKicai vma sofficiently 
marwtsrBZ sj arrmr izuc tibmx araat from Ifae ooDeoarm a 
Ban&. £ s'cnarc 1211k: :^ aone iaquBtive spirit did noC 
^uo. BugECK ibe gaecia& ^ uia ksoob vbeaxe T* And it 
M cJafef ttiik: hrsrver ester, ih* qcsKian ''wbeneer* had 
faeen azmrond, £ irmud ci£ san -op KiiS finu Nor could 
B snfi:.f jts ui ■zsver to mr. ibai euth, diBOi| ■toms, 
wtTt TtantBtta d a snos of ' liaM w wiuch went back to 
taenarr. Tbe pmestor of Ejdcorus iiJutJU B d him, that to 
be aadkdfed oa the mnect of nia jxqaiiy^ he nuisi have re- 
eoune t& the philoaopbera. If the jcmag apeculator had 
heea tcild that chaos (if chaoa i&deed jiseoeded the prMent 
order) vaa proiooedbr aa Esemal Bem^ in whom resided 
porpooe and whl, he'wodld have leoerred a aniggesdoa 
which, dulj maxnred by sobaeqnent oomemplaCioii, might 
have led him to a philoaopn j £u- more wtismeiory than the 
maierial scheme can ever be, to ate who looks, either abroad 
mu) the univerae, or wkhin into his own bosom. 



CHAPTER IX. 

MeehaniaU lAiwt, 

«H the preceding observationB we have Buppoeed th^ 
jiWB, by which di^rent kinds of matter act ana ore acted 
Upon, to be already in existence ; and have endeavoured to 
point out evidences of design and adaptation, displayed in 
the selection and arrangement of these materials of the uni' 
Terse. These materials are, it has appeared, supplied in 
such measures and disposed in such forms, that by means 
of their properties and laws the business of the world g^oes 
on harmoniously and beneficially. But a further (question 
oocun { how camo matter to have auch propertiei and 
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laws? Ar&thete also to be considered as things of selec- 
tion and institution f And if so, can we trace the reasons 
why the laws were established in their present form ; why 
the properties which matter actually possesses were estab- 
lished and bestowed upon it ? We have already attempted, 
in a previous part of this work, to point out some of the ad- 
vantages which are secured by the existing laws of heat, 
light and moisture. Gem we, in the same manner, point 
out the benefits which arise firom the present constitution of 
those laws of matter which are mainly concerned in the pro- 
duction of cosmical phenomena 7 ' 

It will readily be perceived that the discussion of this 

point must necessarily require some effort of abstract 

thought. The laws and properties of which we have here 

to speak, the laws of motion and the universal properties of 

matter, are so closely interwoven with our conceptions of 

the external world, that we have great difficulty in conceiving 

thexn not to exist, or to exist other than they are. When we 

press or lift a stone, we can hardly imagine tliat it could, by 

possibility, do otherwise than resist our enort by its hardness 

and by its heaviness, qualities so familiar to us : when we 

throw it, it seems inevitable that its motion should depend 

on the impulse we give, just as we find it invcuriably does. 

Nor is it easy to say how far it is really possible to sup- 
nose the fundamentiu attributes of matter to be different 
firom what they are. If we, in our thouehts, attempt to di- 
vest matter of its powers of resisting and moving, it ceases 
to be matter, according to our conceptions, and we can no 
longer reason upon it witn any distinctness. And yet it is 
certain that we can conceive the laws of hardness and 
weight and motion to be quite different from what they are. 
and can point out some of the consequences which would 
result firom such difference. The properties of matter, even 
the most fundamental and universal ones, do not obtain by 
any absolute necessity, resembling that which belongs to 
the properties of geometry. A line touching a circle is ne* 
ceaaaruy perpendicular to a line drawn to the centre, through 
the point touched ; for it may be shown that the contrary 
involves a contradiction. But there is no contradiction in 
supposing that a body's motion should naturally diminish, 
or that its weight should increase in removing further from 
(he earth's centre. 
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Thus the properties of matter mnd the lawi of motkn are 
what we find them, not by virtue of any internal necestity 
which we can understand. The study of such laws and 
properties may therefore disclose to us the character of that 
tfxtemad a«;ency by which we conceive them to have been 
determined to lie what they are ; and this must be the same 
a^ncy by which all other paru of the constitution of the 
universe were appointed and ordered. 

But we can hardly expect, with regard to such subject^ 
that we shall be able to obtain any complete or adequate 
view of the reasons whv these general laws are so selected, 
and BO established. These laws are the imiversal basis of 
all operations which go on, at any moment, in every jiart of 
space, with regard to every panicle of matter, organic and 
inorganic. AU other laws and properties must have a re- 
ference to these, and must be influenced by them ; both 
such as men have already discovered, and the Deut greater 
number which remain still unknown. The general econo- 
my and mutual relations of all parts of the universe, must 
be subordinate to the laws of motion and matter of which 
we here speak. We can easily suppose that the various 
processes of nature, and the dependencies of various crea- 
tures, are affected in the most comprehensive manner by 
these laws ; — are simplified by their simplicity, made con- 
■istent by their universality ; rendered regular by their 
symmetry. We can easily suppose that in this way there 
may be tne most profound ana admirable reasons for the 
existence of the present universal properties of matter, which 
we cannot apprehend in consequence of the limited nature 
of our knowledge, and of our faculties. For, compared with 
the whole extent of the universe, the whole ag^^^ate of 
things and relations and connexions which exist m it, our 
knowledge is most narrow and partial, most shallow and 
superficial. We cannot suppose, therefore, that the rea- 
sons which we discover for the present form of the laws of 
nature go nearly to the full extent, or to the bottom of the 
reasons, which a more complete and profound insight would 
enable us to perceive. To do justice to such reasons, would 
require nothmg less than a perfect acquaintance with the 
whole constitution of every part of creation ; a knowledge 
which man has not, and, so far as we can conceive, never 
can have. 
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We are certain, tbenfoxe, that our yiew8| with regard to 
Ihm part of our subject, must be imper£3Ct and limited. Yet 
•tfll man has some knowledge with regard to various por- 
tions of nature ; and with regard to those most general and 
comparatnrely simple facts to which we now refer, his 
knowledge is more comprehensive, and goes deeper than it 
does in any other provmce. We conceive, therefore, that 
we shall not be engaged in any rash or presumptuous at- 
tempt, if we endeavour to point out some of the allvantages 
which are secured by the present consticution of some of tha 
general mechanical laws of nature ; and to suggest the per- 
suasion of that purpose and wise design, whicn the selec 
of such laws will thus appear to imply. 



CHAPTER X. 
T^e Law qf Gravitation, 

Wb shall proceed to make a few observati(»i0 on the 
Law of Gravity, in virtue of which the motions of planets 
about the sun, and of satellites about their planets take 
place ; and by which also are produced the fall downwards 
of all bodies witjhin our reach, and the pressure which they 
exert upon their supports when at rest. The identification 
of the latter forces with the former, and the discovery of the 
single law by which these forces are every where regulated, 
was the great discovery of Newton : and we wish to make 
it appear that this law is established by an intelligent and 
comprehensive selection. 

The law of the sun's attraction upon the planets is, that 
this attraction varies inver^eZy as the square of the distance; 
that is, it decreases as that square increases. If we take 
three pcHnts or planets of the solar system, the distances of 
whiehfrom the sun are in proper proportion one, two, three: 
the attractive force which the sun at these distances exercises, 
is as one, one-fourth, and one-ninth respectively. In the 
amaller variations of distance which occur in the elliptical 
motion of one planet, the variations of the force follow the 
lune law. Moreover, not only does the sun attract the pla* 

12* 
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neu, but they attract each other according to the sanie lawi 
the tendency to the earth which makes bodies hMtvy, is one 
of the effects of this law : and all these effects of the attrac 
lions of large masses may be traced to the attractions oiitt 
particles of which they are composed ; so that the final p^ene* 
ralisation, including all the derivative laws, ii^ thail every par* 
tide of matter in the universe attracts every other, acoordinf 
to the law of the inverse square of the distance. 

Such is the law of universal gravitation. Now, the ques-^ 
tion is why do either the attractions of masses, or those of 
their component particles, follow this law of the inverse 
square of the distance rather than any other? When the 
distance becomes one, two, and three, why should not the 
force also become one, two, and three 7— or if it must be 
weaker at points more remote from the attracting body, why 
should it not be one, a half, a third ? or one, an eignth, a twen* 
ty seventh? Such laws could easily be expressed matbe* 
maticaily, and their consequences calculated. Can any rea- 
son be assi^ed why the law which we find in operation 
must obtain! Can any be assigned why it sfumlaobiBin'i 

Th^ answer to this is, that no reason, at all satisfoctorjTi 
can oe given why such a law must, of necessity, be what it 
is ; but that very strong reasons can be pointed out why, fat 
the beauty ana advantage of the system, the present one ii 
better than others. We will point out some of these reasons. 

1. In the first place, the system could not have subsisted, 
if the force had followed a direct instead of an inverse lav, 
with respect to the distance ; that is, if it had increased when 
the distance increased. It has been sometimes said, that 
" all direct laws offeree are excluded on account of the dan- 
ger from perturbing forces ;"♦ that if the planets had pull«i 
at this earth, the harder the further off they were, they 
would have dragged it entirely out of its course. This u 
not an exact statement of what would happen: if the force 
were to be simply in the direct ratio of the distanct) any 
number of planets mi^ht revolve in the most regular and or- 
derly manner. Their mutual effects, which we may call 
perturbations if we please, would be considerable; but these 
perturbations would be so combined with the unperturbed 
motion, as to produce a new motion not less regular tlum 

•Psley. 
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. This curious result would follow, that every body 
(tern would describe, or seem to describe, about every 

exact elliptical orbit ; and that the times of the re- 
3f every body in its orbit would be all equal. This 
I by Newton, in the sixty-fourth proposition of tha 
. There would be nothing to prevent all the pla- 
iiis supposition, from moving round the sun in or 
^tly circular, or nearly circular, according to the 
which they were set in motion, 
ough the perturbations of the system would not 
is law inadmissible, there are other circumstances 
ould do so. Under this law, the gravity of bodies 
rth's surface would cease to exist. Notning would 
ich downwards. The greater action of the distant • 
sfanets would exactiv neutralize the gravity of the 
ball thrown from the hand, however gently, would j 
sly become a satellite of the earth, and would for ■ 
B accompany it in its course, revolving about it m I 
i of one year. All terrestrial things would float 
h no principle of coherence or stability : they would 
^neral law of the system, but would acknowledge 
liar relation to the earth. We can hardly pretend 
f the abstract possibility of such a system of things ; 
lear that it could not exist without an utter subver- 
1 that we can conceive of the economy and struo- 
5 world whiich we inhabit, 
my other direct law or force, we should in like 
le gravity, without gaining the theoretical regula- 
1 planetary motions whicn we have described m 
ost considered. 

ng inverse laws of the distance, fthat is^ those ae- 
) which the force diminishes as the distance from 
of force increases,) all which diminish the central 
r than the cube of the distance increases are mad- 
lecause they are incompatible with the permanent 

of a planet. Under such laws it would follow, 
let would describe a spiral Ime about the sun, ana 
ler approach nearer and nearer to him perpetually, 
ally go further and further off: nearly as a stone 
of a strmg, when the string is whirled round, and 

to wrap round the hand, or to unwrap from it, ap- 
4> or recedes from the hand. 
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If we endeavour to compare the law of the inverse squan 
of the distance, which really regulates the central torce, 
with other laws, not obviously inadmissible, ajs for instancy 
the inverse simple ratio of tlie distance, a considerable quaof 
tity of calculation is found to be necessary in order to tracd 
the results, and es[>ecially the perturbations in the two oases. 
The perturbations in the supposed case have not been calco- 
lated ; such a calculation bemg a process so long and laborious 
that it is never gone through, except for the purpose of conh 
paring the results of theory with those of observation, as ws 
can do with regard to the law of inverse square. We can 
only say, tlierefore, that the stability of the system, and the 
moderate limits of the perturbations, which we know to be 
secured by the existing^ law, would not, so fiu: as we know, 
be obtained by any different law. 

Without going into further examination of the subject, we 
may observe that there are some circumstances in which 
the present system has a manifest superiority in its simpli- 
city over the condition which would have belonged to it if 
the force had followed any other law. Thus, wim the pre- 
sent law of gravitation the planets revolve, returning per- 
petu ally on the same track, very nearly. The earth descnbei 
an oval, in consequence of which motion she is ne&urer to the 
sun in our winter than in our summer by about one thirtieth 
part of the whole distance. And, as the matter now is, the 
nearest approach to the sun, and the farthest recess from 
him, occur always at the same points of the orbit. There 
is indeed a slight alteration in these points arising from dis^ 
turbing forces, but this is hardly sensible in the course of 
several aces. Now if the force had followed any oUicr 
law, we should have hod the earth running perpetually on 
a new track. The greatest and least distances would have 
occurred at different parts in every successive revolution. 
The orbit would have perpetually intersected and been inter- 
laced with the path described in former revolutions ; and the 
simplicity and regularity which characterizes the present 
motion would have been quite wantine. 

3. Another peculiar pomt of simplicity in the present 
law of mutual attraction is this : that it makes the law 
of attraction for spherical masses the same as for single 
particles. If particies attract with forces which are inversely 
as the square of the distance, spheres compoaed of such par- 
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ticle«i will exert a force which follows the same law. In 
this character the present law is singular, among all possi- 
ble laws, excepting that of the direct distance which we 
have already aiscussed. If the law of the gravitation of 
panicles had been that of the inverse simple distance, the at- 
Ciaetion of a sphere would have been expressed by a com- 
plex aeries of mathematical expressions, each representing 
a simple law. It is truly remarkable that the law of the 
inverse sauare of the distance, which appears to be selected 
u that of the mames of the system, and of which the me- 
ehanism is, that it arises from the action of the partides of 
the system, should lead us to the same law for the action of 
these particles : there is a striking prerogatiye of simplicity 
in the law thus adopted. 

The law of gravitation actually prevailing in the solar 
system has thus great and clear advantages over any law 
widely different from it ; and has moreover, in many of ita 
consequences, a simplicity which belongs to this precise 
law aume. It is in many such respects a unique law ; and 
when we consider that it possesses several properties which 
are peculiar to it, and several advantages which may be 
peculiar to it, and which are certainly nearly so ; we nave 
lome ground, it would appear, to look upon its peculiarities 
and its advantages as connected. For the reasons mention- 
ed in the last chapter, we can hardly expect to see fully the 
way in which the system is benefitted by the simplicity ot 
tihis law, and by the mathematical elegance of its conse- 
^enoes : but when we see that it has some such beauties, 
and some manifest benefits, we may easily suppose that our 
tfnorance tuoA limited capacity alone prevent our seeing 
mat there are, for the selection of this law of ibrce, reasons 
of a fiur more refined and comprehensive kind than we can 
distinctly apprehend. 

4. But berore quitting this subject we may oifer a few 
further observations on the question, whether gravitation 
and the law of gravitation be necessary attributes of matter. 
We have spoken of the selection of tnis law, but is it se- 
leeted? Could it have been otherwise 7 Is not the force of 
attraction a necessary consequence of the fundamental pro- 
perties of matter ? 

This is a question which has been much agitated among 
the followers of Newton. ASome have maintamed as Cotei^ 
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that gravity is an innerent property of all matter ; othen^ 
with Newton himself have considered it as an appendago 
to the essential qualities of matter, and have proposed hy- 
potheses to account for the mode in which its effects an 
produced. 

The result of all that can be said on the subject appean 
to be this : that no one can demonstrate the possibility of 
deducing gravity from the acknowledged fundamental pro- 
perties oT matter : and that no philosopher asserts, that mat' 
ter has been found to exist, which was destitute of gravity. 
It is a property which we have no right to call naxssary to 
matter, but every reason to suppose universal. 

If we could show gravity to be a necessary consequence 
of those properties which we adopt as essential to our av 
tion of matter, (extension, solidity, mobilit^r, inertia) we 
might then call it also one of the essential properties. 
But no one probably will assert that this is the case. Its 
universality is a fact of observation merely. How then 
can a property, —in its existence so needful for the support 
of the universe, in its laws so well adapted to* the purposes 
of creation, — how came it to be thus universal 1 Its being 
found every where is necessary for its uses ; but this is so 
far from being a sufl&cient explanation of its existence, that 
it is an additional fact to be explained. We have here, 
then, an agency most simple in its rule, most comprehen- 
sive in its influence, most effectual and admirable in its 
operation. What evidence could be afforded of desi^ by 
laws of mechanical action, which this law thus existing 
and thus operating does not afford us 7 

5. It is not necessary for our purpose to consider the the- 
ories which have been proposed to account for the action rf 
gravity. They have proceeded on the plan of reducing thii 
action to the result oi pressure or impulse. Even it such 
theories could be established, they could not much, or at all 
affect our argument ; for the arrangements by which pressure 
or impact could produce the effects which gravity produces, 
must be at least as clearly results of contrivance, as gravity 
itself can be. 

In ffiwt, however, none of these attempts can be consider- 
ed as at all successful. That of Newton is very remark- 
able : it is found among the Q,uerie8 in the second edition of 
jui Optics, " To show," he says, » that 1 do not take gr*- 
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Ifitj for an essential property of bodies, I have added one 
question concerning its cause, choosing to propose it by 
"Way of question, because 1 am not yet satisfted about it foi* 
Want of experiments." The hypothesis which he thus sug- 
gests is, that there is an elastic medium pervading all space, 
and increasing id elasticity as we proceed from dense bodies 
outwards : that this " causes the gravity of such dense bo- 
dies to each other : every body endeavouring to go from 
the denser parts of the medium towards the rarer." Of this 
hyp<Hhe8is we may venture to say, that it is in the first 
place quite gratuitous; we cannot trace in any other pheno^ 
mena a medium possessing these properties : and in the 
next place, that the hypothesis contains several suppositions 
which are more complex than the fact to be explained, and 
none which are less so. Can we, on Newton's principles, 
conceive an elastic medium otherwise than as a collection of 
particles, repelling each other? and is the repulsion of such 
particles a simpler fact than the attraction of those which 
gravitate ? Ana when we suppose that the medium becomes 
more elastic as we proceed from each attracting body, what 
cause can we conceive capable of keeping it in such a con- 
dition, except a repulsive force emanating from the body it- 
self : a supposition at least as much requiring to be account- 
ed for, as the attraction of the body/ It does not appear, 
then, that this hypothesis will bear examination ; although, 
for our purpose, the argument would be rather strengthened 
than weakened, if it could be established. 

6. Another theory of the cause of gravity, whwh at one 
time excited considerable notice, was that originally propos- 
ed by M. Le Sage, in a memoir entitled " Lucrece Newto- 
nien," and further illustrated by M. Prevost ; according to 
which all space is occupied by currents of matter, moving 
perpetually in straight lines, m all directions, with a vast 
Yelocity, and penetrating all bodies. When two bodies are 
near each other, they intercept the current which would 
flow in the intermediate space if they were not there, and 
thus receive a tendency towards each other from the pres- 
sure of the currents on the farther sides. Without examin- 
ing further this curious and ingenious hypothesis, we may 
make upon it the same kind of observations as before ;-*that 
it is perfectly gratuitous, except as a means of explaining 
the pnenomena} and that if it were proved, it would still re- 
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nmin to ne ihoirn wtuit neeenty haa cauMd the exirteoef 
sfibeaelvoJriiui* of setter; the fim kind being that wbieb 
is eommonly called maner, and which alone affecta ovr 
•eniesi whiie ii ii inert aa to any tendency to motion; the 
second kind bein? tomethixiff imperceptible to our aeneei^ 
except by the effecu it produces on matter of the former 
kind ; yet exerting an impulse on every material body, per- 
meating every portion of common matter, flowing with in- 
eonceivable velocity, in inexhaustible abundance, mnn every 
part of the abyss of infinity on one side, to the opposite part 
of the same abyss; aad so constituted that through all eter- 
nity it can never bend its path, or return, or tarry m its 
course. 

If we were to accept this theory, il would little or no- 
thing diminish our wonder of the structure of the universe. 
We might well continue to admire the evidence of contriv- 
ance, if such a machinery should be found to produce all the 
effects which flow from the laW'Of gravitation. 

7. The ailments for and against the necessity of the law 
of the inverse square of the distance in the force of gravity, 
were discussed witli great animation about the midoje of the 
last century. Clairault, an eminent mathematician, who* 
did more- than almost any other person for the establnhment 
and developement of the Newtonian doctrines, maintained, 
at one period of his researches, not only that the inverse 
square woe not the necestary law, but also that ii was not 
the inte law. The occasion of this conUroversy was some- 
what curious. 

Newton and other astronomers had found that the line of 
the moon's apndca (that is of her greatest and least dis- 
tances from the earth) moves round to different parts of the 
heavens with a velocity twice as ^reat as that which the 
calculation from the law of gravitation seems at first to give. 
According to tlie theory it appeared that this line ought to 
move round once in eighteen years ; acCOTding to obaervar 
tion, it moves round once in nme years. This difference, 
the only obvious ftiilure of the theory of gravitation, embaT' 
rassed mathematicians exceedingly. It is true, it was ailer- 
wards discovered that the apparent discrepancy arose from 
a mistake ; the cafculation, which is long and laborious^ 
was supposed to have been carried far enough to get does 
to the truth ; but it appeared afterwards that the reaida* 
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ilch had been left out as insignificant, prodaced, by an 
expected turn in the reckoning, an effect as larse as that 
uch had been taken for the whole. But this diseovery 
IS not made till afterwards; and in the mean time the lavr 
the inverse square appeared to be at fault Ciairault tried 
remedy the defect by supposing that the force of the earth's 
■avity consisted of a laiqge force varying as the square of 
e diBtabce, and a very small force varying as the fourth 
)wer (the square of the square.) By such a supposition} 
Mervation and theory could be reconciled ; but on the sug* 
sstion of it, BufTon came forward with the assertion that 
le force eoutd not vary according to any other law than the 
iverse square. His arguments are rather metaphysical 
lan physical or mathematical. Gravity, he urges, is a 
uality, an emanation j and all emanations are inversely as 
ie square of the distance, as light, odours. To this Clai* 
iult replies by asling, how we know that light and odours 
ave their intensity inversely as the square of the distance 
rom their origin ; not, he observes, by measuring the inten- 
ity, but by ntpposing these effects to be material emana* 
ians. But wha he asks, supjMxies gravity to be a mate* 
ial emanation /fvm the attracting b(Kly. 

Bufibn again pleads that so many facts prove the law of 
be inverse square, that a single one which occurs to inter- 
ere with this agreement, must be in some manner capable 
>f being ezplainsd away. Ciairault replies, that the facts 
lo noi prove this law to obtain exactly ; that small effects^ 
A the same older as the one under discussion, have been 
oegleeted, and that therefore the law is only known to be 
Lrue, 09 far as such an approximation goes, and no farther. 

Buffon then argues, that there can be no such additional 
bmetion of the force, following a different law, as Clairaidt 
supposes : for what, he asks, is there to determine the mag* 
nitudeof the ftaction to one amount rather than another 1 
why should nature select for it any particular magnitude t 
To this it is replied, that, whether we explam the Uuci or not, 
nature does select certain magnitudes in pr^rence to others ; 
that where we ascextain she does this, we are not to deny the 
fact because we cannot assign the grounds of her prefor* 
ence. What is there, it is asked, to determine the magoi* 
tude of the whole force at any €xed distance f We cannot tell i 
yet thA force is of a certain definite intensity and no other« 
K • II 
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Finally, Clairault obwrres, that we bamy in edberion 
capillary attraction, and various other cases, examples of 
forces varying according to other laws than the mverse 
square; and that therefore this cannot be the only possilds. 
law. 

The discrepancy between observation and theory which 
gave rise to tnis controversy was removed, as has been al- 
ready stated, by a more exact calculation : and thus, as l^ 
place observes, in this case the metaphysician turned cot 
to be right and the mathematician to be wrong. But nuMt 
persons, probably, who are fieuniliar with such trains of spe- 
culation, will allow, that Clairault had the best of the argu- 
ment, and that the attempts to show the law of g^vitation 
to be necessarily what it is, are fallacious and iiasiriind 

8. We may observe, however, that the law of gravitation 
according to the inverse square of the distance, which thus 
regulates the motions of the solar system, is not confined to 
that province of the universe, as has been shown by recent 
researches. It appears by the observations and calcula- 
tions of Sir John Herschel, that several of the atars, called 
double starsy consist of a pair of luminous bodies which re- 
volve above each other in ellipses, in such a manner as to 
show that the force, by which tKey are attracted- to each 
other, varies according to the law of the inverse square. 
We thus learn a remaxkable fact concerning bodies which 
seemed so far removed that no effort of our science could 
reach them ; and we find that the same law of mutual attrac- 
tion which we have before traced to the farthest bounds of the 
solar system, prevails also in cqpaces at a distance compared 
with which the orbit of Saturn shrinks into a point. The 
establishment of such a truth certainly suggests, as highly 
probable, the prevalence of the law among all the bodies of 
the universe. And we may therefore suppose ; that the same 
ordinance which gave to the parts of our system that rule 
by which they fulfil the purposes of their creation, impressed 
the same rule on the other portions of matter which are 
scattered in the most remote parts of the universe ; and thus 

gave to their movements the same grounds of simplicity and 
armony which we find reason to admire, as far as we can 
acquire any knowledge of our own immediate neighbour- 
hood. 
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CHAPTER XL 

The Lavj9 qf Motion, 

Wb ihall now make a few remarks on the general Laws 
«f MotioQ by which all mechanical effects take place. Are 
we to consider these as instituted laws? and if so, can we 
jomt out any of the reasons which we may suppose to have 
isd to the selection of those laws which really exist. 

Ttib observations formerly made concerning the inevitable 
Barrowneas and imperfection of our conclusions on such 
•abjaeUi mij here, even more stronely than in the case of 
the »w or gravitation. We can hardly conceive matter di- 
nested of these laws ; and we cannot perceive or trace a 
millionth part of the effects which they produce. We can- 
mat, tbereiore, ezpeotto go far m pointing out the advantages 
of these Uws such as they now obtain. 

It would be easy to show that the fundamental laws of 
BotioD, in whatever form we state tliem, possess a very pore- 
enunent simplicity, compared with almost all others, which 
ve might ima^neas existing, This simplicity has indeed 
produced an effect on men's minds which, though delusive, 
appears to be very natural; several -wrjjters have treated 
tone laws as self-evident, and necessarily flowing from the 
Mture of our conceptions. We conceive that this is an er- 
Booeous view, and that these laws are known to us to be 
what they are^ by experience only ; that they might, so far 
as we can diseem, nave been any others. They appear 
therefore to be selected for their fitness to answer tneir pur- 
poses; and we may, perhaps, be able to point out some in- 
stances in which this fitness is apparent to us. 

Newton, and many English philosophers, teach the ex- 
istence oi tkree separate fundamental laws of motion, while 
most of the eminent mathematicians of France reduced them 
to hBOf the law of inertia and the law that force is proper- 
tkmedio velocity. As an exeunple of the views which we 
wish to illustrate, we may take the law of inertia, which is 
identical with Newton's nrst Law of Motion. This law as- 
sects, that a body at rest continues at rest, and that a body 
in motion goes on moving with its velocity and durectioa 
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unchanged, except bo far as it is acted on by eztraneom 
forces.*'* 

We conceive that this law, simple and universal as it ii^ 
cannot be shown to be necessarily true. It miffht be diffi- 
cult to discuss this point in general terms wi£ any clear- 
ness ; but let us take the on|y example which we know of a 
motion absolutely uniform, in consequence of the absence of 
any force to accelerate or retard it ; — ^this motion is the rota- 
tion of the earth on its axis. 

1. It is scarcely possible that discussions on such subjecli 
should not have a repulsive and scholastic aspect, and a|)» 
pear like disputes about words rather than things. For me- 
chanical writers have exercised all their ingenuity ^ to cir^ 
cumscribe their motions, and so to define their tehns that 
these fundamental truths should be express^ in the sim- 
plest manner : the consequence of which has been, that they 
nave been made to assume the appearance rather of identi- 
cal assertions than of general racts of experience. But in 
order to avoid this inconvenience, an far as may be, let us 
take the first law of motion as exempl^d in a pcmicular 
.case, the rotation of the earth. Of all the motions with 
which we are acquainted this is alone invariable. £ach 
day, measured by the passages of the stars, is so precisely of 
the same length that, according to Laplace's calculations, it 
is impossible that a difference of hundredth of a second of 
time should have obtained between the length of the day in 
the earliest ages and at the present time. W ow why is th is ? 
How is this very remarkable uniformity preserved in this 
particular phenomenon, while all the other motions of the 
system are subject to inequalities'? How is it that in the 
celestial machine no retardation takes place by the lapse of 
time, as would be the case in any machine which it would 
be possible for human powers to construct 7 The answer is, 

* If the Laws of Motion are stated as Mres, which we coneeive 
to be the true view of the subject, the other two, as applied in 
mechanical reasonings, are the following : 

Second Law. When a force acts on a body in motion, it pro- 
duces the same efibct as if the same force acted on a body at 
rest. 

Third Lava. When a force of the nature of pressure producee 
motion, the velocity produced is proportional to the foxt>e, oHun 
thinfis being equaL 
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ttot m the earth's revolution on her axis no cause operates 
lo retard the speed, like the imperfection of materials, the 
Criction of supports, the resistance of the ambient medium; 
impediments which cannot, in any human mechanism, how- 
erer perfect, be completely annihilated, fiut here we are 
fed to ask again, why should the speed continue the same 
when not a&cted by an extraneous cause 7 Why should it 
not languish and decay of itself by the mere lapse of time 1 
thtx it might do so, involves no contradiction, for k was 
the common, though erroneous belief of all mechamcal spe- 
oilatOTs, to the time of GkJileo. We can conceive velocity 
tt diminish in proceeding from a certain point of time, as 
easily as we can conceive force to diminish in proceeding 
from a certain point of space, which in attractive forces re- 
ally occurs. But, it is sometimes said, the motion (that is 
Che velocity^ miutTsontinue the same from one instant to an- 
other, for tnere is nothing to change it. This appears to 
be taking refuge in words. We may call the velocity, that 
ii the speed of a bodj, its motion ; but we cannot, by giving 
it Uiis name, make it a thing which has any a prion claim 
to permanence, much less any self-evident constancv. Why 
must the speed of a body, left to itself! continue tne same 
any more than its temperature ; Hot bodies grow cooler of 
themselves, why should not quick bodies go slower of them- 
selves ? Why must a body describe one thousand feet in the 
next second bec^ause it has described one thousand feet in 
Che last? Nothmg but experience, under proper circum- 
stances, can inform us whether bodies, abstracting from ex- 
ternal agency, do move according to such a rule. We find 
that they do so, we learn that all diminution of their speed 
which ever takes place, can be traced to external causes. 
Contrary to all that men had guessed, motion appears to be 
of itself endless and unweari^. In order to account for the 
imalterable permanence of the length of our day, all that is 
requisite is to show that there is no let or hindrance in the 
way of the earth's rotation; — ^no resisting medium or altera- 
tbn of size^ — she ** spinning sleeps* on her axle, as the poet 
tzpresses it, and may go on sleeping with the same regu- 
larity for ever, so far as the experimental properties of mo- 
tion are conesmed. 

• Such is the necessary consequence of the first law of mo- 
aon i but the law itself has no necesssry existence^ so far as 

13* 
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We can «ee. It was diieovered only after Tahous perplezi« 
ties and false conjectures of speculators on mechanics. We 
have learnt that it is so^ but we have not leamr, nor can any 
one undertake to teach us, that it must have been so. For 
auG^ht we can tell, it is one amoiig a thousand equally pos- 
sible laws, which might have regulated the motions of 
bodies. 

2. But though we have thus no reason to ccnisider this as 
tl^ only possible law, we have good reason to consider it as 
the best, or at least as possessing^ all that we can conceive 
of advanta^. It is the stfnpZetffconceivable of such laws. 
If the velocity had been compelled to change with the tim& 
there must have been a law of the chanse, and the kind and 
amount of this change must have been determined by its de. 
pendence on the time and other conditions. This, though 
quite Bupposable, would undoubtedly hava been more com- 
plex than the present state of things. And though com- 
plexity does not appear to embarrass the operations of the 
laws of nature, and is admitted, without scruple, wli^n there 
is reason for it, simplicity is the usual character of such 
laws, and appears to have been a ground of selection in the 
formation of the universe, as it is a mark of beauty to u? in 
our contemplation of it. 

But there is a still stronger apparent reason for the selec- 
tion of this law of the preservation of motion. If die case 
had been otherwise, the univerae must necessarily -in the 
course of ages have been reduced to a state of rest, or at 
least to a state act sensibly differing from it. If the earth's mo- 
tion, round its axis, had slackened by a very small quantity, 
for instance, by a hundreth of a second in a revolution, and 
in this proportion continued, the day would have been al- 
ready lengthened by six hours in the six thousand yean 
which have elapsed since the history of the world began ; 
and if we suppose a longer period to precede or to follow, 
the day mi^ht be increased to a month or to any length. All 
the adaptations which depend on the length of the day would 
consequently be deranged. But this would not be all ; for 
the same law of motion is eaually requisite for the preserva- 
tion of the annual motion ot the earth. If her motion were 
retarded by the establishment of any other law instead of 
the existing one, she would wheel nearer and nearer to the 
sun at every ravolutioiv and at laft n«eh the etiiti% like ft 
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ibniDg hobp. The lame would happen to the other pla- 
nets ; and tne whde solar system would, in the course of a 
certain period, be gathered into a heap of matter without life 
or motion. In the present state of things on the other hand, 
the system, as we nave already explained, is, by a combina- 
tion of remarkable provisions, calculated for an almost inde- 
finite existence, of imdiminish^ fitness for its purposes. 

There are, therefore^ manifest reasons, why, of all laws 
which eould occupy the place of the first law of motion, the 
one which now obtains is the only one consistent vrith the 
durabUity and uniformity of the system ; — ^the one, there- 
fore, which we may naturally conceive to be selected by a 
wise contriver. And as, along with this, it has appeared 
that we have no right to attribute the establishment of this 
hiw to any thing but selection, we have here a striking evi- 
dence, to lead us to a perception of that Divine mind, by 
which, means so simple are made to answer purposes so ex- 
tensive and 80 benefiicial. 



CHAPTER Xn. 

JFVurfion.* 

Wa shall not pttrsoe this anpiment of the last chapter, 
by considering the other laws otmotion in the same man- 
ner as we have there considered the first, which might be 
done. But the facts which form exceptions and apparent 
oontradictk)ns to the first law of which we have been treat- 

S^, and which are very numerous, ofier we conceive, an 
ditional exemplifiication of the same argument ; and this 
we ^lall endeavour to illustrate. 

The rule that a body naturally moves for ever with an 
undiminished speed, is so hx from beinff obviously true, that 
it appears on a filrst examination to oe manifestly &lse. 

* Though Friction is not concerned in any cosmleal pheno- 
mena, we have thought this the proper place to introduce the 
eonsideration of it ; since the contrast between the oases in which 
it does act, and those in which it does not, is best illustrated by 
a eompartaa of eosmical with terrestrial moiions. 
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The hoop of the school boy, left to itself runs on a short di9> 
tance, and then stops ; his top spins a little while, but finally 
flags and &lls ; all motion on the earth appears to decay by 
its own nature ; all matter which we move appears to have 
a perpetual tendency to divest itself of the velocity which we 
communicate to it. How is this reconcileable with the first 
law of motion on which yre have been insisting f 

It is reconciled principally by considering the efiect of 
Priction. Among terrestrial objects friction exerts an agen- 
cy almost as universal and constant as the laws of motion 
themselves ; an agency which completely changes and dis- 
guises the results of those laws. We shall consider some 
of these efiects. 

It is probably not necessary to explain at any Iragth, the 
nature and operation of friction . When a body cannot move 
without cajusing two surfaces to rub together, this rubbing 
Ims a tendency to diminish the body's motion or to prevent 
it entirely. It the body of a carriage be placed on the earth 
without the wheels, a considerable force will be requisite in 
•rder to move it at all : it is here the friction against the 
ground which obstructs the motion. If the carriage be 
placed on its wheels, a much less force will move it, but if 
moved it will soon stop : it is the friction at the e^round and 
at the axles which stops it : placed on a level rauroad, with 
well made and well oiled wheels, and once put in moti(Hi, it 
might run a considerable distance alone, for the friction is 
here much less ; but there is friction, and therefore the mo 
tion would after a time cease. 

1. The friction which we shall principally consider is the 
friction which preventa motion. So employed, friction is 
one of the most universal and important agents in the me- 
chanism of our daily comforts and occupations. It is a 
force which is callea into play to an extent incomparably 
greater than all the other forces with which we are concern- 
ed in the course of our daily life. We are dependent upon 
it at every instant and in every action ; and it is not possible 
to enumerate the ways in which it serves us ; scarcely even 
to suggest a sufficient number of them to give us a true no- 
tion of its functions. 

What can appear a more simple operation than standing 
and walking? yet it is easy to see that without the aid St 
frictioa theM simple actions would scarcely be poiribir. 



FBICTION 163 

Every one knows how difficult and dangerous they are 
when performed on smooth ice. In such a situation we can- 
pot always succeed in standing : if the ice be very smooth, 
^ is by no means easy to wuk, even when the suriiexe is 
perfectly level ; and if it were ever so little inclined, no one 
would make the attempt. Yet walking on the ice and on 
the ground differ only in our experiencing more fiiction in 
the latter case. We say more, for there is a considerable 
firiction even in the case of ice, as we see by the small dis- 
tance which a stone slides when thrown along the surface. 
It is this friction of the earth which, at every step we take, 
prevents the foot from sliding back ; and thus allows us to 
push the body and the other foot forwards. And when we 
come to violent bodily motions, to running, leajping, pulline 
or pushme objects, it is easily seen how entirely we depend 
upon the friction of the ground for our strength and force. 
Every one knows how completely powerless we become in 
any of these actions by xhe/oot dvppvng. 

In the same manner it is the friction of objects to which 
the hand is applied, which enables us to hold them with any 
degree of firmness. In some contests it was formerly the 
custom for the combatants to rub their bodies with oil, that 
the adversary might not be able to keep his grasp. If the 
pole of the boatman, the rope of the sailor, were thus smooth 
and lubricated, how weak would be the thrust and the pull ! 
Tet this would only be the removal of friction. 

Our buildings are no less dependent on this forc« for their 
stability. Some edifices are erected without the aid of ce- 
ment; and if the stones be large and well squared, such 
structures may be highly substantial and durable; even 
when rude and slight, nouses so built answer the purposes 
of life. These are entirely upheld by fnction, and vrithout 
that agent they would be thrown down by the Zephyr^ far 
more easily tmui if all the stones were lumps of ice with a . 
thawing surface. But even in cases where cement binda 
the masonry, it does not take the duty of holdirijg it together. 
In consequence of the existence of friction there is no constant 
teodency of the stones to sejiarate ; they are in a state of re- 
pose, if this were not so, if every shock and every breeze 
nM]uira4 to be counteracted by the cement, no composition 
'I which would long sustain such a wear and tear. The 
~^ excludes the corroding elemcntii and helps to resist 
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extraordinary violence ; but it m friction which grrai Ihe Imh 
bitual state of rest. 

We are not to conBider friction as a tmall fone, iligfatlT 
modify inj^ tlie effects of other agencies. On the eootraiy itt 
amount is in most cases Tery greaL When a body Um 
loose on the ground, the friction is equal to one^rd w one- 
half, or in some caees the whole of its we^ht. But in eaiet 
of bodies Bui)ported by oblique pressure, Um amount ii fu 
more enormous. In the arch ol a bridge, the friction which 
is called into play between two of the vaulting ■tooen^ my 
be equal to the whole weight of the brid^ in such chbi 
tliis conservative force is so great, that the common theoyj 
which neglects it, does not help us even to guess what vm 
take place. According to the theory, certain fimns of arches 
only will stand, but in practice almost any form will itaodi 
ana it is not easy to construct a model of a bridge wfaidb 
will CbJI. 

We may see the great force of friction in the hrahe, by 
which a large weight running down a long inclined pwM 
has its motion moderated and stopt ; in the windlass, what 
a few coils of the rope round a cylinder sustain the stren 
and weight of a large iron anchor ; in the nail or screw 
which holds together large beami; in the mode of raising 
large blocks of c^anite by an iron rod driven into a hcde in the 
stone. Probably no greater forces are exercised in any pro* 
cesses in the arts than the force of friction ; and it is anrayi 
employed to produce rest, stability, moderate motion, fidng 
always ready and never wearied, always at hsoid and aug^ 
menting with the exigency, it regulates, ctmtrols, subdiNi 
all motions ;— counteracts all other agents;— and finally 
gains the mastery over all other terrestrial agencies, bow- 
ever violent, frequent, or long continued. The perpetual 
action of all other terrestrial forces appears, on a large Kuk, 
only as so many interruption! of the constant and stationary 
rule of friction. 

The objects which every where surround us, the books 
or dishes which stand on our tables, our tables axul chain 
themselves, the loose clods and stones in the field, the 
heaviest masses produced by nature or art, would be in a 
perpetual motion, quick or slow according to tlie forces 
whicli acted on them, and to their size, if it were not fortbt 
tranquillizing and steadying effecta of the agent we are con* 
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vUering. WiUioat thiB, our apartmentB, if they kept their 
■hape^ would exhibit to us articles of furniture, ana of all 
other Kindi^ elidix^ and creeping from side to side with every 
push and everf wind, like loose objects in a ship's cabini 
"When she is changing her course in a gale. 

Here then We fc^ve a force, most extensive and incessant 
in its operatnn, which is absolutely essential to the business 
of this terrestrial world, according to any notion which we 
ean form. The more any one considers its eftects, and the 
iixn« he will find how universally dependent he is upon it, 
in «very action of his fife ; resting or moving, dealing with 
objects of art or of nature, with instruments of enjoyment or 
naction. 

2. Now we have to observe concerning this agent, Fric 
tkm, that we have no ground for asserting it to be a neces- 
nury result of other properties of matter, for instance, of their 
solidity and coherency. Philosophers have not been able 
to deduce the laws of friction from the other known proper- 
ties of matter, nor even to explain what we know experi- 
mentally of such laws, (which is not much,) without intro- 
ducing new hypotheses concerning the sunaces of bodies, 
Ac— -nypotheses which are not supplied by any other set 
of phenomena. So for as our knowledge goes, iriction is a 
separate property, and may be conceived to have been be- 
stowed upon matter for particular purposes. How well it 
answers the purpose of fitting matter for the uses of the 
daily life of man, we have alr^y seen. 

Vve may make suppositions as to the mode m which fiic- 
tkm is connected with the texture of bodies : but little can be 
gained for philosophy, or for speculation of any kind, by 
such conjectures respecting unraiown connexions. If, on 
the other hand, we oonsioier this property of friction, and 
find that it prevails there, and there only, where the general 
fimctions, analogies, and rdatbns of the universe require 
ft, we shall probably receive a strong impression that it was 
introduced into the system of the worldybr a jmrpoae, 

3. It is very remarkable tha^ this force^ which is thus so 
efficacious and discharges such important offices in all 
earthly mechanisnii disappears altogether when we turn to 
the mechuiism of the heavens. All motions on the earth 
soon stop ; — a machine which imitates the movements of 
Iki^ stars cannot go long without winding up : b^* ^ «<an 
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that about which the powen^ the thoughti^ and the wanes 
of man are mainly eonveraant. 

Thus the forces by which solidity and by wbich organic 
action are prodiice4 the laws of permanence and of dd* 
elopement, do not bring about all that happens. Besides 
these, there is a mectamical condition, that of a body ez-* 
posed to friction, which ■ neither ono of absolute perma- 
nency nor one naturally progressive i bat is yet one abso* 
lutely necessary to make material objects capable of being 
insirumenu and aids to mah ; and ttus is the condition of by 
far the (greater part of terrestrial things. The habitual 
course of events with reeard to motion and rest is not the 
same for familiar moveaJile articles, as it is for the parts ?f 
the mineral or of the vegetable vrorld, when left to them* 
selves ; such articles are m a condition far better adapted 
than any of those other conditions would be, to their place 
and purpose. Surely this shows us an adapUUum, an ad- 
justment, of the constitutbn of the material world to the nor 
ture of man. And as the organization of plants cannot be 
conceived otherwise than as having their life and s^rowth 
(or its object, so we cannot conceive that friction shoala be one 
of the leading af^ncies in the world in which man is placed, 
without supposmg that it was intended to be of use when 
roan should walk and run, and build houses and ships, and 
bridsres, and execute innumerable other processes, all of 
which would be impossible, admirably constituted as man 
it in other respects, it friction did not exist And believing, 
as we conceive we cannot but belieye, that the laws of mo* 
tion and rest were thus given with reference to their ends, 
we perceive in this instance, as in others, how wide apd pro- 
(bund this reference is, how simple in its means, how fertila 
in its consequences, how effective in its details. 
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plaoe we ihall proceed with the object tint mentioned, 
the connexion wnich may be perceived between the evi- 
dences of creative power and of moral government, in the 
world. 



CHAPTER L 

The OrecUor of the Phyaical WorUt ia the Qovemor qf 

the Moral World. 

With our views, of the moral government of the world 
And the religious interests of man, me study of material na- 
ture is not and cannot be directly and closely connected. 
But it may be of some service to trace in these two lines of 
reasoning, seemingly so remote, a manifest convergence to 
the same point, a demonstrable unity of result. It may be 
useful to show that we are thus led, not to two rulers ot the 
universe, but to one Gk>d ;— to make it appear that the Crea- 
tor and Preserver of the world is also the Governor tuod 
judge of men ;'-that the Author of the Laws of Nature is 
also the Author of the Law of Duty ;— that He who regpi- 
lates corporeal things by properties of attraction and affinity 
and assimilating power, is the same Being who regulates 
the actions and conditions of men, by the influence of the 
feeling of responsibility, the perception of right and wrong, 
Uie hope of happiness, the love of good. 

The conviction that the Divine attributes which we are 
tauffht by the study of the material world and those which 
we learn from the contemplation of man as a responsible 
agent, belong to the same Divine Being, will be forced upon 
us, if we consider the manner in which all the parts of the 
universe, the corporeal and intellectual, the animal and mo- 
tal, are coanected with each other. In each of these 
provinces of creation we trace refined adaptations and ar- 
rans[ements which lead us to the Creator and Director of so 
ikilfui a system; but these provinces are so intermixed, 
these different trains of contrivance so interwoven, that w% 
cannot, in our thoughts separate the author of one part from 
tha author oC another. The Creator of (he HeavoiMi and oC 
L 14» 
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the Earth, of the inorganic and of the orffanle world| of an^ 
malB and of mem, of the affections and uie c<mBcieiioe^ ap- 
pears inevitably to be one and the same GKxl. 

We will pufsue this reflection a little more into detcuL 
I. The Atmosphere is a mere mass of fluid floating oa 
the surface of the ball of the earth ; it is one of the inert and 
inorganic portions of the universe, and must be conceived to 
have been formed by the same Power which formed the so- 
lid mass of the earth and all other parts of the solar system. 
But how far is the atmosphere from being inert in its effects 
on organic beings, And unconnected with the world of life 1 
B^ what wonderful adajptations of its mechanical and che- 
mical properties, and ot the vital powers of plajats, to each 
other, are the developement and well-being of plants and 
animals secured! The creator of the atmosphere must 
have been also the creator of plants and animals : we can* 
not for an instant believe the contrary. But the atmosphere 
is not only subservient to the life of animals, and <» man 
among the rest ; it is also the vehicle of voice ; it answers 
the purpose of intercourse ; and, in the case of man, of ra- 
tional intercourse. We have seen how remarkably the air 
is fitted for this office ; the construction of the organs of ar- 
ticulation, by which they are enabled to perform their part 
of the work, is, as is well known, a most exquisite system 
of contrivances. But though living in an atmosphere capa- 
ble of transmitting articulate sound, and though provioed 
with organs fitted to articulate, man would never attain to 
the use of language, if he were not also endowed with an- 
other set of faculties. The powers of abstraction and 
generalization, memory and reason, the tendencies v^ch 
occasion the inflexions and combinations of words, are all 
necessary to the formation and use of language. Are not 
^hese parts of the same scheme of which the bodily fitcui- 
ties by which we are able to speak are another part 1 Has 
man his mental powers independently of the creator of his 
bodily frame 1 To what purpose then, or by what causa 
was the curious and complex machinery of tnie tongue, the 
glottis, the larynx produced 1 These are useful for speech, 
ahd full of contrivances which suggest such a use as tba 
end for which those organs were constructed. But speech 
appears to have been no less contemplated in the intelleo- 
toal «a«otare <)C mMk The prooeMfla of which wahavo 
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■poken, generalization, abstraction, reaaoning, hare a eloie 
dependence on the use of speech. These facultiee are pre- 
mippoeed in the formation of language, but they are deveio* 
pea and perfected by the use of language. The mind of 
tnan then, with all its intellectual endowments, ia the worir 
of the same artiitt by whose hands his bodily teme waa 
fiwhioned ; as his bodily Haculties again are eviduiUy con- 
Mructed by the maker of those elements on which their ac- 
tion depends. The creator of the atmosphere and of the 
vateriai universe is the creator of the human mind, and the 
Author of those wonderful powers of thinking, judging, 
inferring, discovering, by which we are able to reason con- 
cerning the world in wluch we are placed ; and which akl 
OS in lifting our thoughts to the source of our being himself. 
2. lAghi^ Qt the means by which light is propagated, is 
another of the inorganic elements which forms a portion of 
Che mere material world. The luminiferous ether, if we 
adopt that theory, or the fluid light of the theory of emission, 
flUMt indubitably pervade the remotest regions of the uni* 
verse, and must Be supposed to exist, as soon as we suppose 
the material parts of the' universe to be in existence. The 
origin of light then must be at least as far removed from us 
as the origin of the^ solar system. Yet how cloeely con- 
nected are the properties of light with the structure of our 
own bodies I The mechanism of the organs of vision and 
the mechanism of light ar&as we have seen, most curioosly 
adapt,ed to each other. We must suppose, then, that the 
■ame power and skill produoed one and the other of these 
two sets of oontrivances, which so remarkably^ into each 
other. The creator of light is the author of our visual pow- 
en. But how small a portkm does mere visual perception 
eonatitate of the advantages which we derive from vision t 
We possess ulterior feculties and capacities by which sight 
Decomes a source of happiness and good to man. The sense 
flf beautj, the love of art, the pleasure arising from the con- 
templation ot nature, are all dependent on the eye ; we can 
hardly doubt that these faculties were bestowed on man to 
fiirtber the best interests of his being. The sense of beauty 
Mth animatea and refines his domestic tendencies ; the love 
of art ]■ a powerftil instrument for raising him above the 
neze Ofavings and satisfactions of his animal nature; the 
nMnnd-whichrinsiausatthaflihtoftlM starry 
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'which bind ub to individuals, to our familiei, and to our 
kind. 

it is not necessary here to follow out and dassify theae 
emotions and affections ; or to examine bow they are com- 
bined and connected with our other motives of action, mu- 
tually giving and receiving strengfth and direction. Ilie 
desire of esteem, of power, of knowledge, of society, the love 
of kindred, of fnends, of our country, are manifei^y among 
the main forces by which man is urged to act and to ab- 
stain. And as these parts of the constitution of man are 
clearly intended, as we conceive, to impel him in his ap- 
pointed path; so we conceive that they are no Jess clearly 
the worK of the same great Artificer who created the heart, 
the eye, the hand, the tonjgue, and that elemental world in 
which, by means of these mstrumenta, man pursuw the ob- 
jects of his appetites, desires and affections. 

6. But if the Creator of the world be also the author of 
our intellectual powers, <tf our feeling for the beautiful and 
the sublime, of our social tendencies, and of our natural de- 
sires and affections, we shall find it impossible not to ascribe 
also to Him the higher directive attributes of our nature, 
the conscience and the religious feeling, the reference of our 
actions to the rule of duty and to the will of God. 

It would not suit the plan of the present treatise to enter 
into any detailed analysis of the connexion of these various 
portions of our moral constitution. But we may observe 
that the existence and universality of the conception of duty 
and right cannot be doubted, however men may difier as to 
its original or derivative nature. All men are perpetually 
led to form judgments concerning actions, and emotions 
which lead to action, as right or wron^ ; as what tkev ought 
or ougfU not to do or feel. There is a faculty wnich af>> 
proves and disapproves, acquits or condemns the workings 
of our other faculties. Now, what shall we say of such a 
judiciary principle, thus introduced among our motives to 
action 7 Shall we conceive that while the other springs of 
action are balanced against each other by our Creator, thii^ 
the most pervading and universal regulator, was no part of 
the original scheme 7 That — while the lo^e of animal plea- 
sures, of power, of fame, the regard for friends, the plea* 
sure of bestowing pleasure, were infused into man as in* 
fluences by which his course of life was to be carried oi^ 
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ftad his eapacities and powers developed and exercised ; — 
this reverence for a moral law, this acKnowledgment of the 
obligation of duty,— a feeling which is every where found, 
fuad which may become a powerfi^l, a predominating mo- 
tive to action, — ^was given for no purpose, and belong[s not 
to the design 7 Such an opinion would be much as if we 
should acknowledge the skill and contrivance manifested 
m the other parts of a ship, but should refuse to recog- 
nize the rudder as giving any evidence of a purpose. With- 
oat the reverence which the opinion of right inspires, and 
the scourge of general disapprooation inflicted on that which 
is accounted wicked, society could scarcely go on; and cer- 
tainly the feelings and thoughts and characters of men could 
not be what they are. Those impulses of nature which in- 
volve no acknowledgment of responsibility, and the play 
and struggle of interfering wishes, might preserve the spe- 
cies in some shape of existence, as we see in the c€tse of 
brutes. But a person must be strangely constituted, who, 
living amid the respect for law, the admiration for what is 
good, the order and virtues and graces of civilized nations, 
^aXL which have their origin in some degree in the fieel- 
ing of responsibility) can maintain that all these are ca- 
sual and extraneous circumstances, no way contemplated 
in the formation of man ; and that a condition in which 
there should be obligation inlaw, no merit in self-restraint, no 
beauty in virtue, is equally suited to the powers and the 
nature of man, and was equally <iontemplated when those 
powers were given him. 

If this supposition be too extravagant to be admitted, as it 
appears to be, it remains then that maik intended, as wo 
have alraftdy seen from his structure and properties, to be 
a discoursing, social being, acting under the influence of 
affections, desires, and purposes, was also intended to act 
under the influence of a sense of duty; and that the ac- 
knowledgment of the bbligation of a moral law is as much 
part of his nature, as hunger or thirst, maternal love or 
the desire of power; that, therefore, in conceiving man as 
the work of a Creator, we must imagine his powers and 
eharaeter given him with an intention on the Creator's part 
that Uiis sense of duty should occupy its place in his con- 
stitution as an active and thinking being: and that this 
direaftivs and judiciary principle is a part of the work of tho 
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■ama Author who made the ekmenti to minktfr to tlif 
Biaterial functiona, and the anangementa of the world to 
occupy the individual and eociai a&etiooa of faia liying 
oreatureft* 

Thia principle of cooBcienee, it may further he obeenmL 
does not ttana upon the sama lerelaa the other impulaea of 
our conititution by which we are prompted or reatrained^ 
Bj its very nature and eieence, it poMKaaea a aupremacy 
over all otnertt *' Your obligation to obey thia law ia in 
being the law of your nature. That your conacience ap« 
firovee of and atteau mich a oourae of action is itaelf aloDCAO 
obligation* Conscience doea not only offer itaelf to ahow ua 
the way we should walk in^ but it likewiae carriea ita own 
RUihority with it, that it is our natural guidea the guide aa- 
■igdcd us by the author of our nature/ * That we ought 
to do an action, is of itself a sufficient and ultimate answer 
to the qtiestions, 10/iy we should do it 7-4iow we are obliged 
to do it 1 'Hie conviction of duty implirai the soundest rea- 
aon, the strongest obligation, of which our nature is sua- 
oentible. 

Wn appear then to be using only language which ia well 
r^ipablc of being justified, when we speak of this irresistible 
esteem for whafis right, this conviction of a rule of action 
extending beyond the gratification of our irreflective im- 

1)uls(% as an unpress stamped upon the human mind by the 
Drity himself I a trace of His nature; an indication 01 His 
Will t an announcement of His purpose ; a promise of His 
favour, and though this faculty may need to be ccmfirmed 
iiiul unfi)ldo4l, instructed and assisted by other aids, it Aill 
a<«rms to nontain in itaelf a sufficient intimation that tne high- 
est objects of man's existence are to be attained, by means of 
a dirrrt and intimate reference of his thoughts aind octioDa 
to thfl Divine Author of hia bein^. 

8uch then is the Deity to which the researchea of Na« 
tural Theology point ; ana so far is the train of reflectiona io 
which we have engaged^from being merely speculative and 
barren. With the material world we cannot stop, if a au* 
perior Intelligenoe have ordered and adjusted the sucoession 
of seasons and the structure of the plants of the field, wof 
must allow far more than thia at first sight would aeem Cv 

Butler, 8enn. 3. 
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inpir. We muBt admit itill greater powen, stOl hiffher 
wwKnn for the creation of the teasts of the foreat with uieir 
fticultiea; and higher wisdom still and more traoscendant 
attributes, for the creation of man. And when we reach this 
point, we find that it is not knowledge only, not power only, 
not foresight and beneficence alone, which wp must attribute 
to the Alaker of the World j but that we must consider him as 
the Author, in us^ of a reverence for moral purity and reo- 
tkode ; and, if the author of such emotions m us, how can 
we conceire of Him otherwise, than that these qualities are 
puts of his nature ; and that he is not only wise and ^eat 
md eood, inoompa^blv beyond our highest conceptions^ 
but also conformed in his purposes to the rule which he 
Chns im'presses upon us, that is, Holy in the highest degree 
which we can imagine to ourselves ap possible^ 



CHAPTER n. 

On ike Va8tne98 qfthe Vrdtene. 

I. Tm aspect of the world, even without any of the pe« 
coliar lights which science throws upon it, is fitted to give 
UB an idea of the greatness of the power by which it is di- 
netod and governed, for exceeding any notions of power and 
greatness which are suggested bv any other contemplation. 
The immbsr of human twings who surround us-^the vari- 
ens oondkites requisite for their life, nutrition, well beings 
aU. foUUedsi— 'the way in which these conditions are modi- 
fiad, ae we pass in thought to other countries, by climate, 
tampenitnent, habit;— the vast amount of the human popu- 
lation of the fflobe thus made up ;«^et man himself but 
•ne among umost endless tribes of animals;— 4he forest, 
ftub field, ttie deserti the air, the ocean, all teeminr with 
efeatures whose bodily wants are as carefully provided for 
as hi0j*4he sun, the douds, the winds, all attending, as it 
ireie, on these organized beinga^— a host of beneficent ener- 
gies, unwearied by time and succession, pervading every 
eomer of the earth ;--this spectacle cannot nut give the caii« 

1» 



Ip^afwr a lofty tad magroiScmc eoneepdoD of clie AsAm 
of M Tut a work, of the Kuler of so wide uid lieh an ei»> 
pire, of Cae Prorider for so xamaj and varied vanta^ the 
Director and Adjuster of such complex and jarrii^ interesta 

But when we take a more exact riew m this spectiei^ 
aifi aid our Tisioa bj the diaooveries which have bea mads 
of the structure and extent of the uniren^ the impressiai 
is incalculably increased. 

The number and variety of animals^ the exqubite ikiU 
displayed in their structure, the comprehenaive and pro- 
found relations by which they are connected, fitr exceed any 
thing which we could in any degree have imagined. Bat 
the view of the universe exnands also on another side. The 
earth, the globalar body thus covered with lifSe, is not the 
only globe m the universe. There are, circling about oot 
own sun, six others, so &r as we can judge, perfecdy ana- 
logous in their nature : besides our moon and other bodies 
analogous to it. No one can resist the temptation to coo' 
jecture, (hat these globes, some of them much larger than 
our own, are not dead and barren ;— Khat they are, like ourfl} 
occupied with organization, life, intelligence. To conjee* 
ture is all that we can do, yet even by the perception of such 
a possibility, our view of the kingdom of nature is enlarged 
and elsvated. The outermost of the planetary globes of 
which we have spoken is so far from the sun, that the cen* 
tral luminary must appear to the inhabitants of that planet, 
if any there are, no larger than Venus does to us ; emd the 
length of their year will be eightv-two of ours. 

Dut astronomy carries us still onwards. It teaches us 
that, with the exception of the planets already mentioned, 
the stars which we see have no immediate relation to our 
system. The obvious supposition that they are of the na- 
ture and order of our sun : the minuteness of their apparent 
magnitude agrees, on this supposition, with the enormous 
and almost inconceivable distance which, from all the mea- 
suremen^.s of astronomers, we are led to attribute to them. 
If then these are suns, they may, like our sun, have planets 
revolving round them; and these may, like our planet, be 
the seats of vegetable and animal and rational life : — we may 
thus have in the universe worlds, no one knows how many, 
no one can guess how varied :— but however many, how- 
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' varied, they are still but so many provinces {n the same 
•mpire, siibject to common roles, governed by a common 
power. 

- But the stars which we see with the naked eye are but a 
very smedl portion of those which the telescope unveils to 
VOL The most imperfect telescope will discover some that 
are invisible without it ; the very best histrument, perhapi 
does not show us the most remote. The number which 
crowds some parts of the heavens is truly marvellous* Dr. 
Herschel calculated that a portion of the milky way, about 
ten degrees lon^ and two and a half broad, contained two 
hundred and fitty-eight thousand. In a sky so occupied, 
the moon would eclipse two thousand of such stars at once. 
We learn too from the telescope that even in this province 
the variety of nature is not exhausted. Not only do the 
■tars differ in colour and appearance, but some of tliem 
grow periodically fainter and brighter, as if they were dark 
on one side, aiid revolved on their axes. In other cases two 
stars appear close to each other, and in some of these cases 
it has been clearly established, that the two have a motion 
of revolution about ea^h other ; thus exhibiting an arrange- 
ment before utiguessed, and giving rise possibly, to new 
condkions of worlds. In other instances, again, the tele- 
scope shows, not luminous points, but extended masses of 
dilute light, like bright clouds, hence called nehulcB. Some 
have supposed (as we have noticed in the last book) that 
such nebuls hy further condensation might become suns; 
but for such opmions we have nothing but conjecture. Some 
stars again have undergone permanent changes, or have ab- 
solutely disappeared, as the celebrated star of 1572, in the 
eonsteUation Uassiopea. 

if we take the whole range of created objects in our own 
system, from the sun down to the smallest animacule, and 
suppose such a system, or something in some way analo- 

£»us to it, to be repeated for each of the millions of stars 
us revealed to us, we have a representation of the mate- 
rial jfMurt of the oniverse, according to a view which many 
minds receive as a probable one ; and referring this aggre- 
gate of systems to the Author of the universe, as in our 
own system we have found ourselves led to do, we have 
thus an. estimate of the extent to which his creative energy 
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wwkUi thus •^WAT to have been ezerciaed in the material 



if v« comider fiinher the endless and admirable contmr- 
a»oes and adaptations which philoscmheni and obaenrera 
hare discoteKd in every portion of our own system, 
every new step of our knowkdge showing us somi^hing 
new in this respect; and if we combine this conside- 
ratwn with the thought how small a portion of the univem 
our knowledge includesi we shall, without bemg able at all 
todiseein the extentof the skill and wisdom thus displayed, 
•ee somrthing of the character of the design^ and of the co- 
piousness and ampleness of the means which the scheme 
of the world fThihita And when we see that the tendency 
of all the arrangements which we can comprehend is to 
•uppoit the ^rJHtence, to develope the faculties, to promote 
the well being of these countless species of creatures; we 
shell have some impression of the beneficence and love of 
the Creator, as manifested in the physical government of 
hiscieation. 

2. it is extremely difficult to devise any means of bring- 
ii^ before a common apprehension the scale on which wA 
universe is constructed, the enormous proportion which the 
larger dimensions bear to the smaller, and the amazinff num- 
ber of steps from lai^ to smaller, or from small to larger, 
which the consideration of it offers. The following com- 
parative representations may serve to give the n^kder to 
whom the subject is new some idea of these steps. 

If we suppose the earth to be represented by a' globe a foot 
in diameter, the di^ance of the sun from the earth will be 
about 1^*0 miles; the diameter of the sun, on the same 
supposition, will be something above one hundred ieet, and 
consequently his bulk such as might be made up of two he- 
mispheres, each about the size (h the dome of St. Paurs, 
The moon will be thirty feet from ui^ and her diameter 
three inches, about that of a cricket baU. Thus the sun 
would much more than occupy adl the space within the 
moon's orbiL On the same scale Jupiter would be above 
ten miles from the sun, and Uranus forty. We see then how 
thinly scattered through space are the heavenly bodies. 
The fixed stars would be at an unknown distance, but, pro* 
bably, if all distances were thus diminished, no star would 
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be nearer to such a one-foot earth, than the moon how if 
tons. 

On such a terrestrial ^Jobe the highest mountains would 
be about an eightieth ot an inch hi^h, and consequently 
only just distinguishable. We may imagine therefore how 
imperceptible would be the largest animals. The whole 
organized covering of such a globe would be quite undisco- 
▼erable by the eye, except pemaps by colour, like the bloom 
on a plum. < 

In order to restore this earth and its inhabitcmts to their 
true dimensions, we must magnify them forty millions of 
times ; and to preserve the proportions, we must increase 
equally the distances of the sun And of the stars from us. 
Tney seem thus to pass off into infinity j yet each of them 
thus removed, has its system of mechanical and perhaps of 
organic processes going on upon its surface. 

But the arrangements of organic life which we can see 
with the naked eye are few, compared with those which the 
microscope detects. We know tnat we may magnify ob- 
jects thousands of times, and still discover msh complexi* 
ties of structure : if we suppose, therefore, that we increase 
every particle of matter in our universe in such a propor- 
tion, in length, breadth, and thickness, we may conceive 
that we tend thus to bring before our apprehension a true 
estimate of the quantity of organized adaptations which are 
ready to testify the extent of the Creator's power. 

3. The other numerical quantities which we have to con- 
sider in the phenomena of the universe are on as gigantic a 
scale as the distances and sizes. By the rotation of the 
earth on its axis, the parts of the equator move at the rate 
of a thousand miles an hour, and the portions of the earth's 
surfoce which are in our latitude, at about six hundred. 
The former veloci<y is nearly that with which a cannon ball 
is discharged from the mouth of a gun ; but, large as it is, 
It is inconsiderable compared with the velocity of the earth 
in its orbit about the sun. This latter velocity is sixty-five 
times the former. By the rotatory motion of the earth, a point 
•f its surface is carried sometimes forwards emd sometimes 
backwards with regard to the annual progression ; but in 
eonsequence of the great predominance of the latter velocity 
m amount, the former scarcely affects it either way. And 
even the latter velocity ia inconsiderable compared with that 

15* 
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of light; which eompariaoq, howerer, we AmJl not mabef 
since, according to the theoiy we have considered as most 
probable, the motion of light » not a traoafiBr of matter bat 
of motion from one part of snice to another. 

The extent of the scale ol density of diiferent substaiioM 
has already been mentioned; gold is twenty times as heavy 
as water; air is eight hundred and thirty times lifrhter, 
steam eight thousand times lighter than water ; theiumi- 
niferouB ether is incomparably rarer than steam : and tbk 
is true of the matter of light, whether we adopt the unduk- 
tonr theory or any other. 

i. The above statements are vast in amount, and almott 
oppressive to our faculties. They belocij^ to the measure* 
ment of the powers which are exerted in the universe, and 
of the spaces through which their e£Rcacy readies (for the 
most distant bodies are probably connected both by g^ravity 
and light.) But these estimates cannot be said so much to 
give us any notion of the powers of the Deity, as to cor- 
rect the errors we should fali into by supposing his powers 
at all to resemble ours :— by supposing tnat numbers, and 
spaces, and forces, and combinations, which would over- 
whelm us, are any obstacle to the arrangements which his 
plan requires. We can easily understand that to an intelli- 
gence surpassm^ ours in degree only, that may be easy 
which is impossible to us. The child who cannot count 
beyond four, the savage who has no name for any number 
above five, cannot comprehend the possibility of dealing 
with thousands and millions : yet a little additional deve- 
lopement of the intellect makes such numbers manageaUe 
and conceivable. The difficulty which appears to reside in 
numbers and magnitudes and stages of subordination, is 
one produced by judging from ourselves — ^by measuring 
with our own sounding Ime ; when that reaches no bottom, 
title ocean appears unraithomable. Yet in fact, how is a 
hundred millions of miles a great distance 7 how is a hun- 
dred millions of times a great ratio 1 Not in itself: this 
greatness is no quality of the numbers which can be proved 
^e their mathematical properties ; on the contrary, all that 
absolutely belongs to number, space, and ratio^»must, we 
know demonstrably, be equally true of the largest and the 
smallest. It is clear that the greatness of these expressiooa 
ot measure hai refisrence to out faculties only. Oar asto- 
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tent and embarrassment take for granted the limits of 
vm nature. We have a tendency to treat a difference 
pree and of addition, aa if it were a difference of kind 
« transformation; 4*he exsBtence of the attributes, de- 
power, goodness, is a matter depending on obvioue 
ids : about these qualities there can be no mistaJie : if 
A know any thing, we can know these attributes when 
« them. But the extent, the limits of such attributes 
be.determmed by their efiects ; our knowledge of thei/ 
by what we see of the effiMsts. Nor is any extenf 
jBOunt of power and goodness improbable beforehand. 
Mw that these must be great, we cannot tell howgrefit 
ihould not expect beforehaiid to find them bounded ; 
berefore when the boundless prospect opens before us, 
ay be bewildered, but we have no reason to be shaken 
* conviction of the reality of the cause from which their 
s proceed: we may feel ourselves incapable of foUow- 
\t train of thought, and may stop, but we haVe no ra- 
. motive for quitting the point which we have thus 
led in tracing the Divine Perfections, 
the contrary, those magnitudes and proportions which 
our powers of conception far behind ; — that evei^ez- 
ng view vrhich is brought before us, of the scale and 
anism, the riches and magnificence, the population 
Ativity of the universe ; — may reasonably serve, not to 
rb^ but to eniarse and elevate our conce])tions of the 
ir and Master ofall ; to feed aa ever-growing admira* 
»f His wonderfol nature; and to excite a desire to be 
to contemplate more steadily and conceive lees inade- 
iy the scheme of his government and the operation of 
>wer. 



CHAPTER m. 

Man's Place in the Unicene, 

s mere aspect of the starry heavcas, witboiit taking 
ixseount the view of them to which science introduoes 
ends strongly to force upon iraa the impranon of 
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his own insignificance. The vault of the aky arebed at t 
vast and unknown distance over our heads ; the ttarii ap- 
parently infinite in number, eaoh keeping ita appoaHad 
place and course, and seeming to belong to a wide syMni 
of things which has no relation to the earth; while miB ii 
but one among many millions of the earth's inhabitants r— tU 
this makes the contemplative spectator feel how exoeadm^ 
small a portion of the universe he is ; how little be miMtbih 
in the eyes of an intelligence which can embrace the wfaok 
Every person, in every age and country, will leconize M 
irresistibly natural the train of thoonit ezpressed by the 
Hebrew psalmist: "when I consider ue heavens the wock 
of thy hands— the moon and the stars which thou hastor^ 
dained — Lord what is man that thou art mindful of him, or 
the son of man that thou regardest him ?*' 

If this be the feeling of the untaugltt person, when he 
contemplates the aspect of the skies, such as they offiwlheB- 
selves to a casual and unassisted glance, the impressioa 
must needs be incalculably augmented, when we kxdc at 
the universe with lAt aid of astroncxnical discovery and theo- 
ry. *We then find, that a few of the shining pomta which 
we see scattered on the face of the sky in such profusion, ap- 
pear to be of the same nature as the earth, and may perhapi^ 
as analog would suggest, be like the earth, the hanitatioDa 
of organized beings ; — ^that the rest of " the host of heaven" 
may, by a like analogy, be conjectured to be the centres of 
similar systems of revolving worlds ;— that the vision of 
man has ^one travelling onwards, to an extent never anti- 
cipated, mrough this multitude of systems, and that whils 
myriads of new centres start up at every advance, be ap- 
pears as yet not to have received any intimation of a liouU 
Kvery person probably feels, at .first, lost, confounded, ove^ 
. whelmed, with the vastness of this spectacle ; and seems to 
himselfl as it were, annihilated by the magnitude and mul- 
titude of the objects which thus compose the universe. The 
distance between him and the Creator of the world appeaii 
to be increased beyond measure bv thia disclosure. It 
seema.as if a single individual could have no chance aod 
no claim for the rc^rd of the Ruler of the whole. 

The mode in which the belief of Qod*B government of the 
physical world is important and interesting to man, is, aa 
has alraady been said, through the oonnczion which thii 



man's placv nr tbk um iykess. 177 

belief hu with the eooTiction of God's gorerament of the 
■Borml world ; this latter fforernment beinr, from its nature, 
ooewhiehhas a personu relation to each indiridual, his 
aetioBs and thoognts. It will, therefore, illustrate our sub- 
|eet to show that this impression of the difficulty of a pep- 
sooal suporiDtendance and government, exercised by the 
Maker m the world orer each of his rational and free cre»- 
(ores^ b founded upon illusory views : and that on an at- 
tentive and philosophical examination of the subject, such a 
govenuneot is in accordance with all that we can oiscorer 
of the scheme aad the scale of the universe. 

1. We may, in the first place, rei)eat the observations made 
in the last duipter, on the confusion that sometimes arises 
in our minds, and makes us consider the number of the ob- 
ieets of the Divine care as a difficulty in the way of its ex- 
ercise. If we can conceive this care.employed on a million 
of persons, on the population of a kingdom, of a city, of a 
street, there is no real difficulty in supposing it extended to 
every phmet m the solar system, admitting each to be peo- 
pled as ours is : nor to every part of the universe, suppos- 
ug each star the centre of such a system. Mimbera are 
nothing in themselTes : and when we reject the known, but 
miesscntial limits of our own faculties, it is quite as allowa- 
ble to suppose a million millions of earths, as one, to be un- 
der the moral government of God. 

S. In the next place we may remark, not only that no rea^ 
son can be assigned why the Divine care should not extend 
to a much gresler numoer of individuals than we at first 
imagine, but that in fact we know that it does so extend. 
It has been well observed, that about the same time when 
the invention of the telescope showed us that there might be 
myriads of other worlds claiming the Creator's care ; the 
invention of the microscope proved to us that there were 
in onr own world myriads of creatures, before unknown^ * 
which this care was preserving. While one discovery seem- 
ed to remove the Divine Providence further from us, the 
other gave us most striking examples that it was far more 
active in our neighbourhood than we had supposed ; while 
the first extendecfthe boundaries of God's known kingdom, 
tlie second made its known administration more minute ana 
careful. It appeared that in the leaf and in the bud, in solids 
and hi fluids, animals existed hitherto unsuspected ; the ap- 
M 
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narently dead macisea and blank apacea of the worid wen 
found to swarm with Hfe. And yet, of the animala thui 
revealed, all, though unknown to ua before, had never been 
forgotten by Providence. Their atructurc, tneir veaaeb ud 
limbt, their adaptation to their aituation, their food and ha- 
bitations, were regulated in as beautiiiil and complete aotD- 
ner as those of the lariat and apparently moat &vouied 
animals. The smallest uiaecta are as exactly finiahed, ofiea 
R8 gaily ornamented, as the moat graceful bc»ata or the birdi 
of bri^ntest plumage. And when we aeem to go out of the 
domam of the complex animal atructure with which wears 
familiar, and come to animals ofapparently more scanty 
faculties, and less developed powers ox enjoyment and action, 
we still find that their faculties and their aenaea are in eiaet 
harmony with their situation and ciroumatancea ; tliat the 
wants which they have are provided for, and the powo* 
which they possess called into activity. So that Muller, 
the patient and accurate observer of the smaJIeat and mort 
obscure microscopical animalcule, declarea that all danes 
alik^, those which have manifest organa, and those which 
ha«f not, offer a vast quantity of new and striking views of 
the Animal economy ; every step of our diacoveriea leadiof 
us to admire the desi^ and care of the Creator.* We find, 
therefore, that the Divine Providence is, in fact, capable of 
extending itself adequately to an immenae successicnof 
tribes of beings, surpassing what we can imagine or could 
previously have anticipated ; and thus we may feel secure, 
80 far as analogy can secure us, that the mere multitude of 
created objects cannot remove us from the government and 
Bunerintendence of the Creator. 

6. We may observe further, that, vast as are the parts and 
proportions of the universe, we still appear to be able to per* 
ceive that it is finite ; the subordination of magnitudes and 
numbers and classes appears to have its limits. Thus, for 
any thing which we can discover, the sun is the lai^st 
body in the universe ; and at any rate, bodies of the order 
of the sun are the largest of which we have any evi- 
dence: we know of no substance denser than gold, and 
it is improbable that one denser, or at least much denser, 
ihould ever be detected : the largest animals which exist (Q 

' Mnller, Infusion, Preface. 
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he tea and on the earth ^re almost certainly known to ufl* 
l^e may venture alsd to say, that the smallest animali 
KMseas in their structure a clear analogy with lare^er ones, 
mve hetsa already seen. Many of th& animals which the 
aioroBcSope detects, are as complete and complex in their of" 
Eanizatkm as those of larger size : bu t beyond a certain point, 
iiey appear, as the^ become more minute, to be reduced to 
t homogenity and simplicity of composition which almost 
j^ludes them from the domain of animal life. The smidl- 
Bst microscopical objects which can be supposed to be or- 
gsnicx are pomts,* or gelatinous globules^t or threads,t in 
which no distiact organs, interior or exterior, can be disco- 
Tered. These, it is clear, cannot be considered as indicating 
an indefinite pnwression of animal life in a descending scale 
of minuteness. We can, mathematically speiJcin^, conceive 
one of these animals as perfect and complicated m its struc 
tare as an elephant or un eagle, but we do not find it so in 
nature. It appears, on the contrary, in these objects, as if 
we were, at a certain point of magnitude, reaching the 
boundaries of the animal world. We need not here consi- 
der the hypotheses and opinions to which these ambiguous 
objects have given rise ; but, without any theory, they tend 
to show that tne subordination of organic life is finite on the 
side of the little as well as of the great. 

Some persons might, perhaps, imagine that a around for 
believing the smallness of oiganized beings to be limited, 
might be found in what we know of the constitution of mat« 
ter. If solids and fluids consist of particles of a definite, 
thouffh exceedme smallness, which cannot further be di« 
vided or diminished, it is manifest that we have, in the 
smallness of these particles, a limit to the possible size of the 
vessels and oreans of animals. The fioids which are 8e« 
creted, and wnich circulate in the body of a mite, must 
needs consist of a vast number oi particles, or they would 
not be fluids J and an animal might be so much smaller 
than a mite, that ite tubes could not contain a sufficient col* 
ketion of the atoms of matter, to carry on its functions. 
We should, therefore, of necessity reach a limit of minute- 
nest in organic life, if we could oemonstrate that matter is 

* Monai, Mullcr. CHivier. t Vtbrio. KuUsr. Govlsr. 
I Folvojf> 
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oomposed of such indivisible atoms. We abaU not boW' 
ever, build any thing on this argument; becauaei thoogll 
the atomic theory is sometimes saiil to be proved, what a 
proved is, that chemical and other effects take plftce ts fl 
they were the aggregate of the effects of certain pmtidas U 
elements, the proportions of which particles aie fixsd and 
definite ; but that any limit can be assigned to the imsllnssi 
of these particles, has never yet been made out We pittfer, 
therefore, to rest the proof of the finite extent of aninsd lifis, 
as to size, on the microscopical observationa prevmisly re- 
ferred to. 

Probably we cannot yet be said to have reached the limit 
of the universe with the power of our telescopes ; Aat is, it 
does not appear that telescopes have yet been used, so pow- 
erful in exhibiting small stars, that we can assume that 
more powerful instruments would not discover new stank 
Whether or no^ however, this degree of perfection has been 
reached, we have no proof that it does not exist; if it 
were once obtained we should have, with some approxima- 
tion, the limit of the untverse as to the number of worlds^ 
as we have already endeavoured to show we have obtained 
the limits with regard to the largeness and Bmftl)new ^ the 
inhabitants of our own world. 

In like manner, although the discovery of new speciee 
in some of the kingdoms of nature has gone on recently 
with enormous rapidity, and to an inonense extent ; —for in- 
stance in botany, where the species known in the time of 
LinnaQus were about ten thousand, and are now probaUy 
fifty thousand ; — there can be no douU that die number of 
species and genera is really limited ; and though a great 
extensionof our knowledge is required to reach these limits, 
it is our ignorance merely, and not their non-existence, 
which removes them from us. 

In the same way it would appear that the oaiverae, so 
fejr as it is an object of our knowledge, is finite in other re- 
spects also. Now when we have once attained this con- 
viction, all the oppressive apprehension of being overlooked 
in the government of the universe has no looser any raticH^ 
source. For in ^the superintendence of a finite system of 
things, what is there which can appear difficult or over- 
whelming to a Being such as we must, from what we know, 
conceive the Creator to be 1 Difficulties ansing from apace. 
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^ fumber, rradation, are such as we can conceive ouraelveg 
Cl|Mble of overcoming, merely by an eztenmon of our pre- 
IHI Caeultiet. It it not then easy to imagine that such dif* 
mtftiem must vanish before Him who made us and our facul- 
tiw f Let it be considered how enormous a proportion the 
iugMt work of man bears to the smallest ?--the great py- 
aaid to the point of a needle. This comparison does not 
ovarwhelm us, because we know that man has made both. 
Fet thfi diflerence between this proportion and that of the 
■an to t^e claw of a mite, does not at all correspond to the 
difference which we must suppose to obtain between the 
Creator and the creature. It appears then that, if the first 
flash of that view of the universe which science reveals to 
xn, does sometimes dazzle and bewilder men, a more atten- 
tive examination of the prospect, by the lig^ht we thus ob- 
tain, ahows us how unfounded is the despair of our being 
the objects of Divine Providence, how absurd the persua- 
sioo tmit we have discovered the universe to be too laige 
for its ruler. 

4. Another ground of satisfactory reflection, having the 
Mune teiMleney, is to be found in the admirable order and 
eoDsisteacy^ tne subordination and proportion of parts, 
which we find to prevail in the universe, as far as our dis* 
ecnreries reach. We have, it may be, a multitude almost 
i n nume ra ble of worlds, but no symjptom of crowding, of 
ooqlbsioi^ of interference. All such defects are avoided by 
the manner in which these worlds are distributed into sys- 
tems ;-*thefle systems, occupying a vast space, but yet dis- 
posed at distances before whicn their own oimensions shrink 
uto insignificance ;—all governed by one law, yet this law 
so concentrating its operation on each system, that each 
proceeds as if there were no other, and so regulating its own 
effects that perpetual change produces permanent uniformi- 
ty. This is the kind of harmonious relation which we per- 
ceive in that part of the universe, the mechanical part name- 
}y^ the laws of which are best known to us. In other pro- 
▼inoes, where our knowiedge is more imperfect, we can see 
glimpses of a similar vastness of cembmation, producing, 
by its ver}^ nature, completeness of detail. Any analogy by 
which we can extend such views to the moral world, must 
be of a very wide and indefinite kind ; yet the contemplation 
of thirMtniiraUs relation of the arrangsmenu of the pny« 
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■ical onsation, and the perfect working of tbeir kvi^ itwiM 
eaici/Iatcd to give us confidenee in a similar beauty and per* 
fection lu the arrangements by which our moral relations 
are directed, our higher powers and hopea unfolded. We 
may readily believe that there is, in this port of the creatioa 
/ilso, an order, a subordination of some Rlauona tt> othen^ 
whiclt may remove all difficulty arising from the ^ast mul- 
titude of moral agents and actions, and make it ponible 
that the superintendence of the morai worid shall be direct- 
ed with as RXttct a tendency to moral good, as that by which 
the ffuvornment of the physical world is directed to phyncal 
good. 

We may perhaps see glimpses of such an order, in the 
arrangements by which our highest and most important du- 
ties depend upon our relation to a small circle of perscws 
immediately around us: and again, in the manner in which 
our acting well or in results from the operation of a few 
principles within us; as our coi\science, our desire of moral 
excellence, and of the favour of Ood. We con hardly con- 
sider such principles otherwise than as intended to occupy 
tlieir proiier place in the system by which man's destination 
is to be uctcrmined ; and thus, as among the means of the 
government and superintendence of Qod in the moral 
world. 

That th^re must be an order and a system to which such 
regulative principles belong, the whole analogy of creation 
coiiipelR MS to believe. It would be strange indeed, ih while 
the mechanical world, the system of inert matter, is so ar- 
rancfed that wo cannot contemplate its order without an ele- 
vated intellectual pleasure; — while organized life has no 
faculties without their proper scone, no tendencies without 
their appointed object; — ^the rational faculties and moral 
tendencies of man should belong to no systematic order, 
should operate with no corresponding purpose :'that, while 
he perception of sweet and bitter has its acknowledged and 
unmistakcable uses, the universal perception of riglu and 
wrong, the unconquerable belief of tne merit of certain feel- 
ings and actions, the craving alike after moral advance- 
ment and after the means of attaining it, should exist only 
to delude^ perplex, and disappoint man. No one, with his 
contemplations calmed and tilled and harmonized by tho 
view of the known constitution of the universe, its 
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** wheeling UDsfaaken" in the farthest skies and in 
tfie darkest cavern, its vital spirit breathing alike effect- 
mly in the veins of the philosopher and the worm; — no 
mubf under the influence oi such a train of contemplations, 
can possibly admit into his mind a persuasion which makes 
the moral pah of our nature a collection of inconsistent and 
futile impressions, of idle dreams and warring opinions, each 
having we same claims to our acceptance. Wide as is the 
distance between the material and the moral world ; sha- 
dowy as all reasonings necessarily are which attempt to 
carry the inferences of one into the other; elevated above 
(he region of matter as all the principles and pounds of 
truth must be, which belong to our responsibilities and 
hopes ; still the astronomical and natural philosopher can 
hardly fttil to draw from their studies an imperturbable con- 
viction that our moral nature cannot correspond to those 
representations according to which it hks no law, coherency, 
or objects The mere natural reasoner may, or must stop 
fiir short of all that it is his highest interest to know, his 
first duty to pursue ; but even he, if he take any elevated 
and comprehensive views of his own subject, must ^escape 
from the opinions, as unphilosophical as they are comfort- ^ 
less, which would expel from our view of the world all re- 
ference to duty and moral good, all reliance on the most 
'universal grounds of trust and hope. 

Men's belief of their duty, and of the reasons for practising 
it, connected as it is with the conviction of a personal relar 
CioQ to their Maker, and of His power of superintendence 
and reward, is as manifest a &ct u> the moral, as any that 
can be pointed out is in the natursd world. By mere ahalc^y 
which nas been intimated, therefore, we cannot but conceive 
•that this fBLCt belongs in some manner or other to the order 
of the moral world and of its government. 

When any one acknowledges a moral governor of the 
world ; perceives that domestic and social relations are per- 
petually operating and seem intended to operate, to retain 
and direct men in the path of duty ; and feels that the voice 
of conscience, the peace of heart which results from a course 
of virtue, and the consolations of devotion, are ever ready to 
4Msume their office as our guides and aids in the conduct of 
all our actions ; — he will probably be willing to acknowledge 
wido that the means of moral government are not wanting^ 
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and wiH no longer be oppressed or disturbed by the appm* 
hension that the superintendence of the world Boay be too 
difficult for its Ruler, and that any of His oubfects and serv* 
ants may be overlooked. He will no more fear that the 
moral than that the physical laws of Gtod's creation should 
oe forgotten in any particular case ; and as he knows thit 
every sparrow which falls to the ground contains in its 
structure innumerable marks of the Divine care a^Mi kind- 
nessi he will be persuaded that every individual, however 
apparently humble and insignificant, will have his moral 
bemg dealt with according to the laws of God's wisdom 
and Icve; will be enlightened, and supported, and raised, if 
he use the appointed means which God's adaunistiattoa of 
the world of moral light and good ofiera to his use. 



CHAPT£R IV. 

On the Impresnon produced by the OnUemplaHon tf 
Laws qf Nature ; or on the Convidum thai Law iwplia 
Mind, 

The various trains of thought and reasoning which lead 
men from a consideration of the natural world to the con- 
viction of the existence, the power, the providence of God, 
do not require, for the most part, any l(nijB^ cur laboured de- 
duction, to eive them their effect on the mmd. On the con- 
trary, they nave, in every age and country, produced their 
impression on multitudes who have not instituted any formal 
reasonings upon the subject, and probably upon many who 
have not put their conclusions in the shape of any express 
propositions. The persuasion of a superior mtelligence and 
will, whieh manifests itself in every part of the material 
world, is, as is well known, so widely difiiised and deeply 
infixed, as to have made it a question among speculative 
men whether the notion of such a power is not universal 
and innate. It is our business to aaow only how plainly 
and how universally such a belief results from the study of 
the appeamnces about us. That in many nations, in many 
perioafl, this persuasion has been mixed up with much that 
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„ tstraaeonu and pervel'se in the cpinfioDs of the intellect 
the fictions of fancy, ooes not weaken the force of such 
ent. The belief of a siipematural and presiding power 
through all these errors : and while the perversions are 
sE&nifestly the work of caprice fxid Ulusion, and vanish at 
the first ray of sober inquiry, the belief itself is substantial 
«uad conaistent, and grows in strength upon every new exa- 
nunation. It was the firmness and sol idity of the conviction 
<3i aomeihing Divine which gave a bold and permanence to 
the figments of so many false divinities. Ajid those who 
have traced the progress of human thought on other sub- 
jects, win not diink it strange, that while the fundamental 
EerBuasion of a Deity was thus irremoveably seated in the 
aman mind, thedevelopement of tliis conception into a con- 
sieteot, pure, and steadfast belief in one Almighty and Holy 
Father and Qodj should be long missed, or never attainec^ 
by the struggle of the human faculties ; should require Ions 
reflection to mature it, and the aid of revelation to establish 
it in the world. 

The view of the universe which we have principally had 
occasion to present to the reader, is that in which we consi- 
der its appearances as reducible to certain iixe4 and general 
laws. Availing ourselves of some of the lights which mo- 
dem science supplies, we have endeavoured to show that 
the adaptation of such laws to each other, and their fitness 
to promote the harmonious and beneficial course of. th6 
world, may be traced, wherever we can discover the laws 
themselves ; and that the conceptions of the Divine Power, 
Cbodness and Superintendence which we thus form, agree 
in a remarkable manner with the views of the Supreme Be- 
ing, to which reason, enlightened by the divine revelation, 
huled. 

But we conceive that the general impressions of mankind 
would go farther than a mere assent to the argument as 
we have thus stated it. To most persons it appears that 
the mere existence of a Iaw connecting and governing 
anjr class of phenomena, implies a presiding intelligence 
^Hiieh has preconceived and established the law. When 
events are regulated by precise rules of time and spaee, 
of number and measure, men conceive these rules to be the 
•Tidence of thought and mind, even without discovering in 
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the rules any peculiar adaptatioM, or without tupposing 
their purpoee to be known. 

The origin and the validity of such an impreeaion on the 
human mind may appear to some matters of abstruie and 
doubtful speculation : yet the tendency to such a belief pre- 
vails strongly and widely, both among the common class of 
minds whose thoughts are casually and unsystematically 
turned to such subjects^ and among philosophers to whom 
laws of nature are habitual subjects of contemplation. We 
conceive therefore that such a tendency may deserve to be 
briefly illustrated ; and we trust also that some attention to 
this point may be of service in throwing liffht upon the true 
relation of the study of nature to the belief in Grod. 

1. A very slight attention shows us how readily order and 
regularity suggest to a common apprehension the opera- 
tion of a calm and untroubled intelligence presiding over 
the cou rae of events. Thus the materialist poet, in account* 
ing for the belief in the Gk>ds, though he does not share it| 
cannot deny the habitual effect of this manifestation. 

PrflBterea ccbH rationes ordine eerto 
Et varia annorum cemebant tempora vorti; 
Nee poterant quibos id fieret cognoscere caussis. 
Ergo perfugium sib^ habebant Omnia Divis 
Tradere et iUorum nutu facere omnia flecti. 

Lucret v. 1)62. 

They saw the skies in constant order nm, 
The varied seasons and the circling sun, 
Apparent rule, with unapparent cause, 
And thus thoy sought in Gods the source of laws. 

The same feeling may be traced in the early mythology 
of a large portion of the globe. We might easily, taking 
advantage of the latours of learned men,, exemplify this 
m the case of the oriental nations, of Greece, uid of many 
other countries. Nor does there appear much difficulty in 
pointing out the error of those who have maintained that 
all religion bad its ori^n in the worship of the stars and 
the elements; and who have insinuated that all such im- 
pressions are unfounded, inasmuch as these are certainly 
DQl'ichtobjecUoflBMmanworBh^ Tha religioui feelingi 
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the 6oiiviction of a supernatural power, of an intolligenco 
eoanectin^ and^irecting the phenomena of the world, had 
not its origin in the worship of sun, or stars, or elements | 
but was itself the necessary thou>;h unexpressed foundation 
of all worship, aM all forms of false, as Well as true reli* 
^ion. The contemplation of the earth and heavens called 
into action this religious tendency in man ; and to say that 
the worship of the material world formed or suggested this 
religious feelins, is to^invert the order of possible things m 
the most unphilosophical manner. Idolatry ig not the source 
of the belief in Qoa, but is a compound oi the persuasion of 
a supernatural government, with certain extravagant and 
baseless conceptions as to the manner in which this govern- 
ment is exercised. 

We will quote a passage from an author who has illus- 
trated at considerable length the hypothesis that all religious 
belief is derived from the worship of the elements. 

" Light, and darkness its perpetual contrast ; the succes- 
sion of days and nights, the periodical order of the seasons ; 
the career of the brilliant luminary which regulates their 
course ; that of the moon his sister and rival ; night, and 
the innumerable fires which she lights in the blue vault of 
heaven ; the revolution of the stars, which exhibit them for 
a longer or a shorter period above our horizon ; the constancy 
of this period in the tixed stars, its variety in the wandering 
stars, tne planets ; their direct and retrograde course, their 
momentary rest; the phases of the moon waxing, full, wan- 
ing, divestedof all lifl^ht; the progressive motion of the sua 
upwards, downwaras ; the successive order of the rising 
and sstting of the fixed stars, which mark the different points 
of the course of the sun, while the various aspects which the 
earth itself assumes mark, here bslow also, the same peri- 
ods of the sun*s annual motion; * *. * all these different 
pictures, displayed before the eyes of man, formed the great 
and magnificent spectacle by which I suppose him sur- 
rounded at the moment when he U about to create hie 
godB."* 

What is this (divested of its wanton levity of expression) 
but to say, that when man has so far traced the course of 
nature as to be irresistibly impressed with the existence of 

* Dnpnis. Qrisine diOJilltas^ 
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order, law, variety in constancy, and fixity in chan^; U 
rtrlalions of form and apace, duration and succeMion, cauM 
and consequence, among tKe objects which surround him{ 
tliere springs up in his breast, unbidden and irresistUdy, 
the thought of superintending intelligeDce, of a mind which 
comprehended from the first, and completely that which he 
late and partially comes to know? The worship of earth azii 
sky, of the host of heaven and the influences of nature, is 
not the ultimate and fundamental Ceu;t in the history of the 
religious impressions of mankind. These are but dehvaiive 
streams, impure and scanty, from the fountain of religioiH 
feeling which appears to be disclosed to us by the oontem* 
plation of the universe, as the seat of law and the manifesto 
ation of intellect. Time suggests to man the thought of 
eternity ; space of infin itv ; law of intelligence ; order of pur* 
pose ; and however ditncult and long a task it may be to 
develope these suggestions into clear convictions, these 
thoughts are the real parents of our natural religious beliet 
The only relation between true religion and the worship of 
the elemental world is, that the latter is the partial and gross 
perversion, the former the consistent and pure developemeot 
of the same original idea. 

2. The connexion of the laws of the material world with 
an intelligence which preconceived and instituted the law, 
which is thus, as we perceive, so generally impressed on 
the common apprehension of mankind, has also struck no 
less those who have studied nature with a more systematio 
attention, and with the peculiar views which belong to sci- 
ence. The laws which such persons learn and study, seem, 
indeed, most naturally to lead to the conviction of an intelli- 
gence which originally gave to the law its form. 

What we call a general law is, in truth, a form of expres- 
sion including a number of facts of like kind. The facts 
arc separate ; the unity of view by which we associate them, 
the character of generality and of law, resides in those re- 
lations which are the object of the intellect. The law once 
apprehended by us, takes in our minds the place of the facts 
themselves, and is said to govern or determine them, be- 
cause it determines our anticipations of what they will be. 
But we cannot, it would seem, conceive a law, founded on 
sueh intelligible relations, to govern and determine the facts 
themidTes, any otherwise than by supposing also an intelli- 
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lienee by which these relations are contempiatedi and these 
oonsequences realized. We cannot then represent ' to our- 
■eWea the universe governed bj general laws otherwise than 
Inf conceiving an intelligent and conscious- Deity, by whom 
tbeee laws were originally contemplated, established, and 
applied. 

This perhaps will appear more clear, when it is considered 
that the laws of which we speak are often of an abstruse 
and complex kind, depending upon relations of space, time, 
number, and other properties, which we perceive by great 
attention and thought. These relatk)ns are gften combined 
■o variously and curiously, that the most subtle reasoning* 
and calculations which we can form are requisite in order 
to trace their results. Can such laws be conceived to be in- 
stituted without any exercise of knowledge and intelligence 1 
Can material objects apply geometry and calculation to 
themselves? Can the lenses of the eye, for instance, be 
formed and adjusted with an exact suitableness to their re- 
fractive powers, while there is in the agency which framed 
them, no conscioTisness of the laws of nght, of the course of 
rays, of the visible properties of things? This appears to 
te altogether inconceivable. 

Every particle of matter possesses an almost endless 
train of properties, each acting according to its peculiar and 
fixed laws. For every atom of the same kind of matter 
these laws are invariably and perpetually the same, while 
&r the different kinds of matter the difference of these pro- 
perties is equally constant. This constant and precise re* 
semblance, this variation equally constant and equally regu- 
lar, suggest irresistibly the conception of some cause, inde- 
pendent of the atoms themselves, by which their similarity 
and dissimilarity, the agreement and difference of their de- 
portment under the same circumstances have been deter- 
mined. Such a view of the constitution of matter, as is 
observed by an eminent writer of our own time, effectually 
destroys the idea of its eternal and self-existent nature, " by 
giving to each of its atoms the essential characters, at once, 
of a manufactured article and a subordinate agent.*** 

That such an impresssion, and the consequent belief in a 
divine Author of the (Jniverse^ by whom its laws were or- 

* Herschel on the Stndj of Nat. PhU. Art SM. 
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darned and ettabliihad, doM rank from the rhifciiw|iiWi 
contem^ation of nature, wiU, wa traai, beeooM ttiBt mam. 
evident oy tracing the effiw^ pradneed iipon mei^iBiBdi W- 
the diaeoWy of tueh lawaaodnrapertiea tt tboaaof «ldp| ^ 
wehavabdenapeakiDgi andviaballtheiivlbmMkiaiv'i 
obienratio&a on this lubjeet. 



CHAPTEE y^ 

On InduetUe HabiUs nr^ tm the /jynwifa i i vnditmdmi 
Mn?9Jliind$byditeo9oriKgLinB9itfNaim9^ 

Tbb object of ph]r>ical leienee ia to diaeovor anoh tew 
and propotiee aa thoee of which we hava apokan intfaelait 
chapter. In thii task, undoubiadlj a p ro i g i aaa baa. ban 
made cfh which we may well loolc with pieaama and adiei- 
ration ; yet we caniAit heaitate to oonftia that the extent of 
our knowledge on such eubjecta beara no prop o rti o n to thit 
of our ignorance. Of the great and oompruianaiva tewa 
wbich rule over the widest provinoea of natural. phenoineBe, 
few have yet been discloeed to ue. And the namea of the 
philoiophen, whoee high office it baa bena to detect each 
lawi, are even jet fiur from numeroua. In lodung faaidL'at 
the path by which ecience haa advanced to ita pireaent poei- 
tion, we see thenamei of the great diacoveieiaeiiina out like 
luminarief, few and ecattered along the line : 1^ fiur the 
largest portion of the space is oocupi^by those wboae 



paratively humble office is to verify, to devetope, to imkf 
the general truths which the discoverers biougfat to li^^ 

It will readily be conceived that it ia no eaay matter,, if it 
be possible, to analyse the process of thought by ynath. 
laws of nature have thus been discovered ; a prooeaa whx^ 
as we have said, haa been in so few inatanoea aaecevfblly 
performed. We shall not here make any attemfit at puch aa 
analysis. But without this, we conceive it may be phown 
that the constitution and employment of the mind on whioh 
such discoveries depend, are finendly to t^ belief in a wiw 
and good Creator and Governor of the woricL ^Hiicli it haa 
been 6ur object to iUuMrate atad eonfirau And '"^ "^ *^ 



tKDVCTIVS HABirS. I9t 

i^ppear that thoee who see further than their fellows into the 
Woormgtf' and dependencies of the material things and ele-* 
■letits by which twey arc surrounded, have also been, in 
idmost every case, earnest and forward in acknowledging* 
the relation of all things to a supreme intelligence and will ; 
we shall be fortified in our persuasion that the true scientific 
perception of the general constitution of the universe, and of 
the mode in which events are produced and connected, is 
fitted to lead us to the conception and belief of Go^. 

Let us consider for a moment what takes place in^e 
mind of a student of nature when he attains to the percep- 
ikm of a law previously unknown, connecting the appear- 
ances which he has studied. A ma^s of facts which 1b«fore 
seemed incoherent and unmeaning, assume, on a sudden, 
the aspect of connexion and intelligible order. Thus, when 
Kepler discovered the law which connects the periodic times 
wiU) the diameters of the planetary orbits ; or, when New- 
ton showed how this and all other known mathematical pro^ 
perticfl of the solar system were included in the law of uni^ 
versal gravitation according to the inverse square of the 
distance; particular circumstances which, before, were 
merely matter of independent record, became, from that time, 
indissolubly conjoined by the laws so discovered. The se- 
parate occurrences and facts, which might hitherto have 
■eemed casual and without reason, were now seen to be all 
exemplifications of the same truth. Ilie change is like that 
which takes place when we attempt to read a sentence writ- 
ten in difficult or imperfect chai^cters. For a time the se- 
parate parts appear to be disjointed and arbitrary marks ; 
the suggestions of possible meanings, which succeed each 
other in the^mind, faU, as fast as they are tried, in combin- 
ing or accounting for these symbols : but at last the true 
supposition occurs ; some words are found to coincide with 
the meaning thus assumed ; the whole line Of letters appear 
to take definite shapes and to leap into their proper places ;■ . 
and the truth of the happy conjecture seems to flasn upon 
118 fipom every part of the inscription. 

The discovery of laws of nature, truly and satisfactorily 
connecting and explaining phenomena, of which, before, the 
connexion and causes had been unknown, displays much of 
8 similar process, of obscurity succeeded by evidence, of 
effort and perplexity followed by conviction and repose.r 
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The mnumenble eonjectures and {afluieii the ^impses ol 
light perpetually openins -and as often clouded over, the lU' 
wearied peraeveranee and inexhaustible ingenuity exerciied 
by Kepler in seeking for the laws which he finally diico- 
veredf are, thanks to his conununicative disposition, eu- 
rioualy exhibited in his works, and have been narrated by 
iiis biographers; and such efforts and alternations, modified 
by character and circumstances, must generally preQedethe 
detection of any of the wider laws and ciependenciefl by 
which the events of the universe are regulated. We may 
readily conceive the satis&ction and delight with which, 
after this perplexity and struggle, the discoverer finds him' 
self in light and tranquillity; able to look at the province of 
nature which has been the subject of his study, and to read 
there an intelligible connexion, a sufficing reason, which no 
one before him nad understood or apprehended. 

This step so much resembles the mode in which one in^ 
telligent being understands and apprehends the c(Xicepti(»M 
of another, that we cannot be surprised if those persons in 
whose minds such a process has taken place, nave been 
most ready to acknowledge the existence and operation of a 
superintending intelligence, whose ordinances it was their 
employment to study. When they had iust read a sentence 
of the table of the laws of the univierae, they could not doubt 
w hether it had had a legislator. When they had deciphered 
there a comprehensive and substantial truth, they could not 
believe that the letters had been thrown4ogether by chance. 
They could not but readily acknowledge that what their 
faculties had enabled them to read, must have been written 
by some higher and profounder mind. And accordingly^ 
we conceive it will be found, on examining the works ox 
those to whom we owe our knowledge of the laws c^ nature, 
and espeeially of the wider and more comprehensive laws, 
that such persons have been strongly and habitually im- 
pressed with the persuasion of a Divme Purpose and Power 
which had regulated the events which they had attended to^ 
and ordained the laws which they had detected. 

To those who have pursued science without reaching the 
rank of discoverers; — who have possessed a derivative 
knowledge of the laws of nature which others had disclosed, 
mnd have employed themselves in tracing t^e consequences 
of mch lawi| ud syttematizaDg the body of truth thus pfo- 
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tfneed, the above description doe« not appiyi and we have 
not therefore in these cases the same ground for anticipat- 
ing the same frame of mmd. If amoog men of science of 
this class, the persuasion of a supreme Intelligence has at 
■ome periods been less vivid and less universal, than in that 
higher class of which we have before spoken, the fact, so 
fax as it has existed, may perhaps be in some degree ac- 
counted for. But whether the view which we have to give 
of the mental peeuliarities of men whose science is of this 
derivative kind he well founded, and whether the account 
we have above offered of that which takes place in the minds 
of original discoverers of laws in scientific researches be 
true, or not, it will probably be considered a matter of some 
interest to point out historically that in fact, such discove- 
rers Imve Deen peculiarly m the habit of considering the 
world as the work of God. This we shall now proceed to do* 
Am we have already said, the names of great discoverers 
pre not very numerous. The sciences which we may look 
upon as having reached or at least approached their com- 

flete and finished form, are Mechanics, Hydrostatics, and 
Physical Astronomy. Oalileo is the father of modem Me- 
chanics; Copernicus, Kepler, and Newton are the great 
names which mark the progress of Astronomy. Hydro- 
statics shared in a great measure the fortunes of the rela- 
ted science of Mechanics ; Boyle and Pascal were the per- 
sons mainly active in developing its more peculiar prmci- 
ples. The other branches ot knowledge which belong to 
natural philosophy, as Chemistry and Meteorology, are as 
yet fmperfeet, and perhaps in&nt sciences; and it would be 
fash to presume to select, in them, names of equal, pre-emi- 
nence with those above mentioned : but it may not be difiicult 
to show, with sufficient evidence, that the eifect of science 
upon the authors of science is, in these subjects as in the 
former ones, fieir other than to alienate their minds from reli- 
gious trains of thought, and a habit of considering the world 
aa the work of God. 

We shall not dwell much on the firat of the above men- 
tioned great names, Galileo; for his scientific mtrit con- 
sisted rather in adopting the sound philosophy of others, as 
in the ease of the Copemican system, and in combatting pre" 
Valent errors, as in the case of the Aristotelian doctrmes 
eoneeming motion, than in any marked and prominent di** 

It 17 
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eovery of new principles. Moreover the meehaidcal laWi 
which he had a share in bringing to light, depending aa they 
did, rather on detached expenments and transient facts, 
than on observation of the general course of the universe, 
could not 80 clearly suggest any reflection on the govern- 
ment of the wond at that period, as they did afierwards 
when Newton snowed their bearing on the cosmical sys* 
tern. Yet Galileo, as a man of philosophical and invenuve 
mind, who produced a great effect on the progress of phv- 
sical knowledge, is a person whose opinions must naturally 
interest us, en^^aged in our present course of reasoning. 
There is in his writings little which bears upon religious 
views, as there is in the nature of his works little to lead 
him to such subjects. Yet strong expressions of piety are 
not wanting, both in his letters, and in his published treati- 
ses. The persectition which he underwent, on account of 
his writings in favour of the Oopemican system, was ground- 
ed, not on his opposition to the general truths of natural re- 
ligion, which is our main concern at present, nor even on 
any supposed rejection of any articles of Christian faith, 
but on the alleged discrepancy between his adopted astrono- 
mical views and the declarations of scripture. Some of his 
remarks may interest the reader. 

In his third dialoe^ue on the Copemican system he has oc-. 
casion to speak of the opinion which holds all parts of tlie 
world to be framed for man's use alone r and to this he says, 
" I would that we should not so shorten the arm of Grod in 
the government of human affairs ; but that we should rest 
m this, that we are certain that God and nature are so occu- 
pied in the government of human affairs, that they could not 
more attend to us if they were charged with the care of the 
human race alone." In the same spirit, when some objected 
to the asserted smallness of the Medicean stars, or satellites 
of Jupiter, and urged this as a reason why they were un- 
worthy the regard of philosophers, he replied that they are 
the works of God's power, the objects of His care, and 
therefore may well be considered as sublime subjects for 
man's study. 

In the Dialog^ues on Mechanics, there occur those obser- 
vations concerning tlie use of the air-bladder in fishes, and 
concerning the adaptation of the size of animals to the 
strength of the materials of which they are framed, which 
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hvrt often nnce been adopted by writers on the wisdom of 
Providence. The last of tiie dialo^es on the system of the 
world is closed by a religious reflection, put in the mouth of 
the interlocutor who usually expresses (Galileo's *own opi- 
nions. " While it -is permitted us to speculate concerning 
the constitution of the world, we are also taught (perhaps 
in order that the activity of the human mind may not pause 
or languish) that our powers do not enable us to compre- 
hend the works of His nands. May success therefore at- 
tend this intellectual exercise, thus permitted and appointed 
for us ; by which we reco^ize the greatness of God t^ie 
more, in proportion as we mid ourselves the less able to pe* 
netrate the profound abysses of his wisdom." And that this 
train of thought was habitual to the philosopher we have 
abundant eviaenc« in many other parts of his writings. He 
had already said in the same dialogue, " Nature (or Gkxl, as 
he elsewhere speaks) employs means in an admirable and 
inconceivable manner ; admirable, that is, and inconceiva- 
ble to us, but not to her, who brinjgs about with consummate 
facility and simplicity things which affect our intellect with 
infinite astonishment. That which is to us most difficult to 
understand is to ber most easy to execute." 

The establishment of the Copemican and Newtonian 
views of the motions of the solar system and their causes, 
were probably the occasions on which religious but unphi- 
losophical men entertained the strongest apprehensions that 
the belief in the government of Gkxl may be weakened when 
we thus " thrust some mechanic cause into his place.'* It 
is therefore fortunate that we can show, not only that this 
ought not to occur, from the reason of the thing, but also 
that in fact the persons who are the leadine characters in 
the progress of tnese opinions were taen of clew and fer- 
vent piety. 

In the case of Copernicus himself it does not appear that, 
originally, any apprehensions were entertained of^any dan- 
gerous mscfepancy between his doctrines and the truths of 
religion, either natural or revealed. The work which con- 
tains these memorable discoveries was addressed to Pope 
Paul III., the head, at that time, (1543) of the religious world ; 
and was published, as the author states in the piefece, at the 
nigent entreaty of friends, one of whom was a cardi&al, and 
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aiMther & hiahop.* " f know," he Miyi, " that the tbcugfats 
of a philoHophi^r ans far removed from the judgment of the 
▼iitnr ; lince v is his study to search oat truth in all thxDfi. 
aa far as that is Fermitred by God to hnman reason." AzKl 
though rh^ rIorrrir.i*8 are for the most part stated as portions 
of a mathf^matiral calculation, the explanation of the ar- 
rangement by which the sun is placed m the centre of the 
syitem is accompanied by a natural reflection of a religious 
cast ; " Wt>o in this fair temple would place this lamp in 
any other or better place than there whence it may Dlumi- 
nate the whole 7 We find then under this ordination an ad- 
mirable symmetry of the world, and a certain harmonious 
connexion of tlie motion and magnitude of the orbe, such as 
in any other way cannot be found. Thus the progressions 
and regressions of the planets all arise from the same cause, 
the motion of the earth. And that no such movements are 
seen in the fixed stars, argues their immense distance from 
us, \vhich causes the apparent magnitude of the earth's an- 
nual course to become evanescent. So great, in short, is 
this divine fabric of the great and ^^ood God ;'*t "this best 
and inoHt regular artificer of the universe." as he elsewhere 
sprnkn. 

Krplrr wos the person, who by further studying "the 
cmuipxion of the motions and magnitude of the orbs," to 
wliirh (\iprrnicuB hnd thus drawn the attention of the as- 
thMionirrB, drtrrtrd the laws of this connexion, and prepar- 
pA ihn wny for the liiBCOvery, by Newton, of the mechanical 
Inwn nn«ro»UFpR of such motions. Kepler was a man of 
KinMie «n«l Iivrly pirty ; and the exhortation which he ad- 
,^ o>«,ia Tii hts rVoiIrr' before entering on the exposiuon of 
ir.Mi'*.* of hw dtnrovrrioit, may be quoted not only for its ear- 
tsiainoaa Imi( }\u rmeioimblpncss slso. " 1 beseech my rea- 
t^«. \\\n\ oiM unmindful of the divine goodness bestowed 
i>n\ wytsw, \\*> i)o wuh inr praise and celebrate the wisdom and 

• 

• \wi,-< »*«ii . t«M<*iMufi'iti iitmip ptiom reluctnntem, retraxernntt 
Sr^fr^ ixys-" |MH«M«« f\ui NiroinuB SchonbergiuB, Ciurdinalis Ca- 
f>r{ii>«-» irt .•«*M»i *ri»rit> lilcrntum Celebris ; prozimus tile vir 
*TM» ^^'^•',^»* <«Mttt vit(ri»muiuii(fi«iu8, opiscopusCuImensiSjSa- 
^.^^,^r* VI .f« .« .Mwit'uiu iHntnruni literarum studiosissimus.-* 
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matiiSM of the Creator, which I open to him firom a v.ora 
uiward ezplicadoo of the form of the world, from a search* 
ing of cauaeii from a detection of the errore of viiion : and 
Ihat thus, not only in the firmnese and itability of the earth 
ii^ perceive with gratitude the preservation of all living 
thmgs in nature as the g[ift of Grod, but also that in its mo- 
tion, so recondite) so admirable, he acknowledge the wisdom 
of the Creator. But hyn who is too dull to leceive this 
■cience, or too weak to believe the Gopernican system, with* 
out harm to his piety, him, I say, I advise that, leaving the 
■chod of astronomy, and condemning, if he please, any doc- 
trines of the philosophers, he follow his own path, and desist 
from this wandering through the universe, and lifting up 
his natural eyes, with which alone he can see, pour himself 
out from his own heart in praise of God the Creator : being 
pertain that he gives no less worship to Cod than the astro* 
Domer, to whom God has given to see more clearly with hia 
inward eye, and who, for what he has himself discovered, 
both can and will glorify G^od." 

The next ffreat step in our knowledge of the universe, the 
discovery of the mechanical causes by which its motions 
are produced, and of their laws, has in modem times some- 
times been supposed, both by the friends of religion and by 
others, to be unfavourable to the impression of an intelli- 
gent first cause. That such a suppoeitiou is founded in er- 
ror we have offered what appear to us insurmountable 
reasons for believing. That in the mind of the great disco- 
▼erer of this mechanical cause, Newton, the impression of 
a creating and presiding Deity was confirmed, not shaken, 
by all his discoveries, is so well known that it is almost su* 
perfluous to insist upon the fact His views of the tendency 
of science invested it with no dangers of this kind. ** The 
business of natural philosophy is," he sa^^s, j[Optic8, Q,u. 
28^) "to arffue from phenomena without feigning hypothe- 
ses, and to ckduce cause from effects, till we come to the verv 
first cause, which is certainly not mechanical." " Though 
•very true step made in this philosophy brings us not im- 
mediately to the knowled^ of the first cause, yet it briogs 
OS nearer to it, and is on Uiat account highly to be valued.'* 
The Scholium, or note, which concludes his great work, 
the Principia, is a well known and most striking evidence 
•a this point. "This beautiful system of sun, ptaneti^ and 

17* 
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HKiiiiiij iia, iiimI liy ihftir firmi civi%t»i ve ft^r.-r> i.ja m l> 
iiiiiiiii III jiiM |iiii|rri|(fiiN, wn venerate a&d vscvl^ ..a. a 
iii'i-iiiiiii lit tiiK ffovrrriirif.rii," 

VViiJiiiiil innUiiifit '^"X 'i^rthiir quoudou. S KTiic be eT> 
ilititi III ijin iiifiilnr llinl thit Hurc^iffiion of ^eftC p^:«occen 
lliiiiiiHli wliiiiii iiiniikirirl hiivc \tii*in ltd to the kScyrjft 1^ of 
llw fpiwiiiiHi 111 Hi'iniiiifirt i.riithN, the law of uciTtm. eT%n» 
IniUiii, ilnl, liii llinir piirlM, nm the truths which trjej cmi'jX- 
»il III iiinii III ■iii-h n ii'ftit ihnt their relteious (ttlir^gt, ZLta 
iiilcii'iim III llifi wnrlil tiifiti iiitolligerit CnnXue anii Preaer* 
vi>i. iliiMi iiiliiilniiiiiii i»r hiN ititributei, were ezaiied raiber 
lliiiii ini|miiiMt liy llin iiiniffhl which tliey obtained uam tot 
nlnifiiiiiMii llin iinivprnn. 

Itii\ iiiii hIiowii iIiin Willi rrffnnl to the moft perfect por^ 
iliMi tt| li\imi\i) ItiiowliMlffn, our knowledffe of the mocioiu of 
\\w «ii|i\i ■vaJoiii, wp HJiull iul(tuc«i a tew other pauagei^ 
Ul\iHU>Mnu> 1)10 pipviilriior of ihn Mvmc foct in Other depart- 
iti«>i(\ I oi i>\i«iii iiiiiMi<i\l NiMoiirn I although, for reasons which 
l(.n«> .kliiM\ilv Imvii uiliiimliMJ, wr ooiireive that sciences (tf 
«»\|sniii.Mu ilt> uoi iSMiihii't HO ohvioiiHly as sciences of ob- 
ik«>M.«ii.>u i«i \\\\\ iiitptonition of a Divino Legislator of tho 
u« »«.-• \.s\ wxmUI 

riio H.hMiiM «>i llvxhoDinh(*N wuH constructed in a great 
i\wi-«iM>> V\ (U.' UmiiiiIim'h of th^ Hintor science of Mechanics. 
tM iiio.>i> \\ it«* \\\Mi* iMiiploviMl in ox^toriinentally establishing 
ih,< )>i iv(.ii«l.«« iVouh:ulv lHilvM)i;:intr to thu doctrine of fluidS| 
l>4«« ki rto«l llt»Yl«i iiii« two of 1)10 most eminent names. 
'ri\.«i ii\,>a.« iwo i^io.ii plulonoiihoni wrro. not only religious, 
V\\\ ismU i«i (hiMii I iMuuikubli^ lor ihrir fi'rvt'iit and pervading 
it,'\\»i»i»o, \» uhi wvll known to bodwelt on. With regard 
to r.«i>Ml, liowovrr, \vr oui^ht not fiorhtips to pass over an 
«t)miM»\ o( hi--i ll)»i llio r\iH(ruoc> ufUotl c-annot be proved 
\W\\\ tUo oMiM i\(d worlil. •' I do m»t uiulortake to prove this," 
■A\« \\^\ '* not oiilv lH*on\i«o 1 do not t'erl myself sufficiently 
*u\u\i\ ui (hul in imiuro that which sIiaII convince ohstinata 
mHmsiis Imi bAOMiM tuoh knowMgo without Jmui Gkurist 
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li uideM tnd iteril." It is obvioui that luoh a state of 
temd would prevent this writer from encouracing or dwell- 
imff upon the groundaof natural religion ; whue yet he him- 
Mi is an example of that which we wish to illustrate, that 
thow who have obtained the furthest insight into nature^ 
have been in all ages firm believers in Qod, " Nature,'' 
he says in another place, ''has perfections in order to show 
(hat she is the image of God, and defects in order to show 
that she is only his image."* 

Boyle was not only a most pious man as well as a great 
i^ilos^^r, but he exerted himself very oflen and earnestly 
in hia writings to show the bearing of his natural philoso- 
phy upon his views of the Divine attributes, and of the go> 
▼emmeot of the world. Many of these dissertations convey 
trains of thought and reasoning which have never been sur- 
passed for tmir combination of judicious sobriety in not 
pressing his arguments too far, with fervent devotion in his 
conceptions of the Divine nature. As examples of these 
merits, we might adduce almost any portion ot his tracts on 
these subjects; for instance, his "Inquiry into the Final 
Causes of Natural Things ;" his ** Free Inquiry into the 
Vulgar Notion of Nature ; ' his Christian Virtuoso ;" and hia 
«May entitled "The High Veneration Man's Intellect owes 
to Grod.'* It would be superfluous to quote at any length 
from these wcurks. We may observe, however, that he no- 
■tioea that general feet which we are at present employed in 
exemplifyuig, that " in almost all ages and countries the 
generality of philosophers and contemplative men were per- 
suaded of the existence of a Deity from the consideration of 
-the phenomena of the universe ; whose fabric and conduct 
tfiey rationally concluded could not justly be ascribed either 
to chance or to any other cause than a Divine Being." 
And in speaking of the religk>us uses of science, he says : 
■^ Though i am willing to gnmt that some impresskms of 
•God's wisdom are so conspicuous that even a superficial 
philosopher may thence infer that the author of sucn works 
must be a wise agent; yet how wise an agent hs has in 
these works expressed himself to be, none but an experi- 
mental philoBopber can well discern. And 'tis not by a 
•light survey, but a dQigent and skilful scrutiny, of the 

AitviU.L 
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workf of Ood, that a man must be, by a rational and i 
tive eonvictioOf enea^ed to acknowleage that the auth 
nature ' w woadertul m counsel, and excellent in workii 
After the mechanical properties of fluids, the laws c 
operation of the chemical and the physical properties ( 
etemeuts about us, offer themselves to our notice. The 
tioof of heat and of moisture in particular, which pi 
important a part, as we have seen, in the economy o 
world, have been the subject of various researches; 
they have led to the views of the operation of such a| 
■ome of which we have endeavoured to present t 
reader, and to point out the remarkable arrangemei 
which their beneficial operation is carrjed on. Th 
discoverers of the lawa by which such operation 
regulated, were not insensible to the persuasion of 
vine care and contrivance which those arrangementi 
geat, is what we should expect, is m agreement with 
we have already said, and it is what we find. A 
the names of the philosophers to whom we owe our 1 
ledge on these subjects, there are none greater than 
of Black, the discoverer of the laws of latent hea 
Dalton, who first ^ve us a true view of the mode in ^ 
watery vapour exists and operates in the atmosphere.' 
regard to the former of tl'iese philosophers, we shall* 
Dr, Thompson's' account of the views which the laws 
tent heat suggested to the discoverer.* ** Dr. Black qi 
perceived the vast importance of this discovery, and t 
pleasure in layinjB^ before his students a view of the b 
cial effects of this habitude of heat in the economy < 
ture. During the summer season a vast magazine o 
M accumulate in the water, which by gradually eme 
during congelation serves to temper the cold of w 
Were It not for this accumulation of heat in water and 
bodies, the sun would no sooner go a few degreed t 
■outh of the equator than we should feel all the horr 
winter." 

In the same spirit are Mr. Dalton's reflections, after 
tog out the laws which regulate the balance ot evapo 
and rain,t which he himself first clearly explained. 

* Thomson's Hist of Chemistry, vol. L 391. 
t Mittoh. Mam. vol V. p. 346. 
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, wtMX^y possible,*' says he " to contemplate without admi- 
ntkm the beautiful system of nature by which the surface 
of the earth is contmually supplied with water, and that 
Tinftf>fi'»«"g circulation of a fluia so eiaentially necessary to 
ths very heiog of the animal and vegetable kingdom takes 
place.'* 

Such impressions appear thus to rise irresistibly in the 
lireasts of men, when they obtain a sight, for the first time, 
of the varied play and comprehensive connexions of the 
laws by which the business of the material world is carried 
CO and its occurrences brought to pass. To dwell upon or 
develope such reflections is not here our business. Their 
genersii prevalence in the minds of those to whom these first 
views 01 new truths are granted, has been, we trust, suf- 
ficiently illustrated. Nor are the names adduced above,, 
distinguished as they are, brought forwards as atUhoritiea 
merely. We do not claim for the greatest discoverers in the 
realms of science any immunity from error. In their gene- 
laJ opimons they may, as others may, judge or reason ill. 
The articles of their religious belief may be as easily and as 
widely as of other men's, ioQperfect, perverted, unprofitable. 
But oti this one point, the tendency of our advances in sci- 
entific knowledge of the universe to lead us up to a belief in 
a most wise maker and master of the universe, we conceive 
that they who make these advances, and who feel, as an 
original impression, that which others feel only by receiv- 
ing their teaching, must be looked to with a peculiar atten- 
tion and respect. And what their impressions have com- 
monly been, we have thus endeavoured to show. 



CHAPTER VI. 

OnDedudive Habitt ; or, on the Imprestion prodttced on 
Men* 9 Minds by tracing the consegueneea tff oieertained 
L/vwa, 

Thb opinion illustrated in the last chapter^ that the ad- 
vances which men make in science tend to mipress upon 
4beia the reality of the Divine government of the worl^ 
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laws, and to trace, combine and apply their conseouences, 
lAiould have no clearness of conviction or security trom er- 
ror on this subject, beyond what belongs to persons of any 
other class. 

This will^ perhaps, become somewhat more evident by 
eoQsidering a little more closely the distinction of the two 
operations of discovery and developement, of which we have 
Apokea above, and the tendency which the habitual prosecu- 
tioD of them may be expected to produce in the thoughts and 
fiewB of the student. 

We hove already endeavoured m some ij^easure to describe 
that which takes place when a new law of nature is dis- 
covered. A number of facts in which, before, order and 
connexion did not appear at all, or appeared by partial and 
contradictory glimpses, are brought into a pomt of viewun 
which order and connexion become their essential charac- 
ter. It is seen that each feuct is but a different manifesta- 
tion of the same principle ; th^t each particular is that which 
it is, in virtue of the same general truth. The inscription 
* is decyphered ; the enigma is guessed ; the principle is un- 
derstood ; the truth is enunciated. 

When this step is once made, it becomes possible to de- 
duce from the truth thus established, a train of consequences 
often in no small de»ee long and complex. The process 
of makuig these inferences may properly be described by 
the word Deduction, while the ver^ difterent process by 
which a new principle is collected from an assemblage of 
fistcts, has been termed Induction ; the truths so obtained and 
their consequences constitute the results of the Inductive 
Philosophy ; which is frequently and rightly described as a 
science which ascends from particular facts to general 
principles, and then descends a^in from these general prin- 
ciples to particular applications and exemplifications. 

While the great ana important labours by which science 
18 really advanced consist in the successive steps of the in-, 
ductive ascent in the discovery of new laws perpetually 
more and more general ; by far the greater part of our books 
c^- physical science unavoidably consists m deductive rea* 
■onmg, exhibiting the consequences and applications^f the 
laws which have oeen discoveied ; and the greater part of 
vriters upon science have their minds employed in Uuc pro* 
of deduction and application. 
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Thii is true of many of those who are considered, and 
justl/i as distinguishedfand profound philosopheri. In the 
inechftoical philosophy, that science which applies the pro* 
perties of matter and trie laws of motion to the ezplaoatioa 
of the phenomena of the world, this is peculiarly the case* 
The laws, when once discovered, occupy little room in their 
statement, and when no longer contested, are not felt to need 
a lengthened proof. But their consequences require faf 
more room and fai more intellectual labour. If we take, for 
example, the laws of motion and the law of universal grari' 
tat ion, we can express in a few lines, that which, when de- 
veloped, represents and explains an innumerable mass of 
natural phenomena. But here the course of developement 
is necessarily so long, the reasoning contains so many steps, 
the considerations on which it rests are so minute and re* 
fined, the complication of cases and of consequences is 
so vast, and even the involution arising from' the properties 
of space and number so serious, that the most consununata 
subtlety, the most active invention, the most tenacious power 
of inference, the widest spirit of combination, must be tasked 
and tasked severely, in order to solve the problems which 
be long to this portion of science. And the persons who have 
been employed on these problems, and who have brought 
to them the high and admirable auaiities which such an of- 
fice requires, have justly excited in a very eminent degree 
the admiration which mankind feel for great intellectual 
powers. Their names occupy a distinguished place in lite- 
rary history ; and probably there are no scientific reputa- 
tions of the last century nigher, and none more mferited, 
than those earned by the great mathematicians who have 
laboured with such w(»iderful success in unfold in|( the me- 
chanism of the heavens ; such for instance as D*Alembert| 
Clairault, Euler, Lagrange, Laplace. 

But it is still important to recollect, that the mental 
employments of men, while they are occupied in this pop* 
tion of the task of the formation of science, are altogether 
different from that which takes place in the mind of a dis- 
eoverer, who, for the first time, seises the principle whiefa 
connects phenomena before unexplained, and thus adds an- 
other original truth to our knowledge of the universe. In 
explaining, as the mathematicians just mentioned have 
•OQe, the phenom en a of tha solar syitam hy means of thv 
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ItW of umtexflal navitation, the ooaclusions at which they 
arrived were reaU^ included in the truth of the law itBol£ 
irfiatever skill ana sagacity it might require to develope and 
ntricata th«n from the general principle. But when New- 
fen oonoeived and established the law itMlf, he added to our 
Imowledge something which was not contained in any truth 
praviouiuy knoWDy nor deducible from it by any course of 
mere reasoning. And the same distinction, in all other coses 
obCaina, between these processes which establish the princi- 
ples, ffeneniUy lew and simple, on which our sciences rest, 
and taose reasoninn and calculatioos, founded on the prin 
capiea thus obtained, which conslitute by &r the larger por 
tkn of the common treatises on the most complete of the 
sciences now cultivated. 

Since the difierence is so great between the process of in- 
dactiire generalization of physical facts, and that of mathe- 
matical aednction of consequences, it is not surprising that 
die two TOOcesys should imply difierent mental powers and 
habiti. Howev^'r rare the mathematical talent, in its high- 
est excellenoe, ma^ be, it is &r more common, if we ore to 
jndjgie from the history of science, than the genius which 
oxTines the general laws of nature. We have several good 
mathematicians in every age ; we have few great discover- 
ers in the whole hiMory of our species. 

The distinction beins thus clearly established between 
original discovery and derivative speculation, between the 
ascent to principles, and the descent from them, we have 
lonlier to observe, that the habitual and exclusive prosecu- 
tioa of die latter process may sometimes exercise an unfa- 
TQorable etkct on the mind of the student, and may make 
iihn less fitted and ready to aprarehend and accept truths diA 
lerent from diose with which nis reasomnas are concerned. 
We conceive, Sbit example, that a person lannus under gross 
rar, who believes the phenomena of the worid to be alto- 
ither prodaced by mechanical causes, and who excludes 
im his view all reference to an intelligent Pint Cause and 
Governor. But we conceive that reasons may be shown 
irhidi make it more probable that error of such a k^ should 
ftid a plaee in the mind of a person of deductive, than of 
inductive hrints ; — <^ a mere mathematician or loffician, 
than of one who studies the facts of the Batumi worul and 
delecti tfairir laws. 

18 
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The person whose mind ii employed in redueinff to iif 
and order and intelhgible cause the complex tacts of the m^ ' 
terial world, is compelled to look beyond the present stueflf 
his kuowleage, and to turn his thouehts to tiie existeDoeflf 
principles higher than those which ne yet posseaaes. fit 
has seen occtisions when &cte that at nrst seemed ineohs* 
rent and anomalous, were reduced to rule and connexioo; 
and when limited rules were discovered to be included ia 
some rule of superior generality. He knows that all frdi 
and appearances, all partial laws, however confused and eir 
sual tney at present seem, must still, in reality, have thii 
kind of bearing and dependence ;-^muBt be bound together 
by some undiscovered principle of order ; — ^must proceed 
from some cause working by most steady rules ; — must ts 
included in some wide and fruitful general truth. He can- 
not therefore consider any principles which he has alraub 
obtained, as the ultimate ana sufficient reason of that which 
he sees. There must be some higher principle, some oke* 
rior reason. The effort and struggle by wnich he endea- 
vours to extend his view, maJtes him fieei that there is a re- 
gion of truth not included in his present physical knowledEe; 
Uie very imperfection of the light in which he works nit 
way, suggests to him that there must be a source of clearer 
illumination at a distance from hmi. 

We must allow that it is scarcely possible to describe in a 
manner free from some vagueness and obscurity^ the eflSect 
thus produced upon the mind by the efforts which it mains (• 
reduce natural phenomena to ^neral laws. But we trust it 
will still be allowed that there is no difficulty in seeing deariy 
that a different influence may result from this process and 
from the process of deductive reasoning which forms the 
main employment of the mathematical cultivators and sys- 
tematic expositors of physical science in modem times. Such 
persons are not led by their pursuits to any thing beyond the 
general principles, which form the basis of their explanations 
and applications. They acquiesce in these ; they make these 
their ultimate erounds of truth ; and they are entirely em- 
ployed in unfolding^ theparticular truths which are involved 
m Uie general truth. Their thoughts dwell little upon the 
possibility of the laws of nature oeing other than we find 
them to be, or on the reasons why they are not so ^ and still 
leas on thoie fiBusta and phenomena which philoiopher» haw 
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I. MM yet reduced to any rule ; which are lawless to us, though 

. ire know that, in reality, they are governed by some princi- 

fie of order and harmony. On the contrary, by assuming 

Krpetually the existing laws as the basts of their reason- 
ir, without question or doubt, and by employing such lan- 
ffuafipe that these laws can be expressed in the simplest and 
nieiest form, they are led to think and believe as if these 
, laws were necessarily and inevitably what they are. Some 
mathematicians indeed have maintained that the highest laws 
ef nature with which we are acquainted, the laws of motion 
and the law of universal gravitation, are not only necessarily 
true, but are even self-evident and certain a priori, like the 
truths of geometry. And though the matnematical cul- 
tivator of the science of mechanics may not adopt this as 
his speculative opinion, he may still be so &r influencediby 
the tendency frdm which it springs, as to rest in the mecha- 
nical laws of the universe as ultimate and all-sufficient prin- 
ciples, without seeing in them any evidence of their having 
been selected and ordained, and thus without ascending 
from the world to the thought of an Intelligent Ruler. He 
may thus substitute for the Oeity certain axioms and first 
principles, as the cause of all. And the follower of New- 
ion may run into the error with which he i^ sometimes 
chai^ea, of thrusting some mechanic cause into the place 
of Grodj if he do not raise his views, as his master did, to 
some higher cause, to some source of all forces, laws, and 
principles. 

When, therefore, we consider the mathematicians who 
are employed in successfully applying the meclianical phi- 
losophy, as men well deserving of honour from those who 
take an interest in the progress of science, we do rightly ; 
but it is still to be recollected, that in doing this they are not 
carrying us to any higher point of view in the knowledge of 
nature man we had attained before : they are only unfold- 
ing the consequences, which were already virtually in our 
possession, because they were implied in principles already 
discovered : — they are adding to our knowledge of effects, 
but not to our knowledge of causes : — ^thpy are not making 
. any advance in that progress of which Newton spoke, and 
in which he made so vast a stride, in which "every step 
made brings us nearer to the knowledge of the first cause, 
luid w on that account highly to be valued." And aa iuthia 
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advance they haVe no peculiar privileges or advantage!, 
their erroni of opinion concerning it, if they err, are no more 
to be wondered at, than those of common men ; and need as 
little disturb or distress us, as if those who committed them 
had confined themselves to the study of arithmetic or of ge- 
ometry. If we can console and tranquillize ourselves con- 
eemin^ the defective or perverted views of religious truth 
entertained by any of our fellow men, we need find no addi- 
tional difficulty in doing so when those who are mistaken 
are great mathematicians, who have added to the riches and 
elegance ot the mechanical philosophy. And if we are seek- 
ing for extraneous grounds of trust and comfort on this sub- 
ject, we may find them in the reflection ;— that, whatever 
mavbe the opinions of those who assume the causes and lawa 
of that philosophy and reason from them, the views of those 
admirable and ever-honoured men who furst caught sirht of 
these laws and causes, impressed them with the beUef that 
this is " the fabric of a great and good Qod ;*' that ** it is 
man's duty to pour out his soul in praise of the Creator;" 
and that all this beautiful system must be referred to "a 
first cause, which is certainly not mechanical.*' 
. 2. We may thus, with the greatest propriety^ deny to the 
mechanical philosophers and mathematicians of recent times 
any authority with regard to their views of the administra- 
tion of the universe; we have no reason whatever to expect 
from their speculations any help, when we attempt to 
ascend to the .first cause and supreme ruler of the universe. 
But we might perhaps eo further, and assert that they are 
in some respects less likely than men employed in other 
pursuits, to make any clear advance towards such a sub- 
ject of speculation. Persons whose thoughts are thus en- 
tirely occupied in deduction are apt to forget that this is, af- 
ter all, only one employment of the reason among^ more ; 
only one mode of arrivmg at truth, needing to have its defi- 
ciencies completed by another. Deductive reasoners, those 
who cultivate science, of whatever kind, by means of ma- 
thematical and logical processes alone, may acquire an ex- 
aggerated feeling of the amount and value of their labours. 
Such employments, from the clearness of the notions in- 
volved in them the irresistible concatenation of truths 
which they unfold, the subtlety which they require, and 
their entire success in that which tbey attempt, possess a 
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^^i^euliar fiucination for. the intellect. Those who pursue 
Buch studies have generally a contempt and impatience 
of tbe pretenaions of all those other portions of our know- 
ledge, where from the nature of the case, or the small pro- 
gtesB hitherto made in their cultivation, a more vague and 
foose kind of reasoning seems to be adopted. Now if this 
feeling be carried so far as to make the reader suppose that 
these mathematical and logical processes can lead him to 
all the knowledge and all uie certainty which we need, it is 
clearly a delusive feeling. For it is confessed on all hands, 
thai aJl which mathematics or which logic can do^is to de- 
velope and extract those truths, as conclusionB, which were 
in reality involved in the principles on which our reasonings 

Eroceeded.* And this being allowed, we cannot but ask 
ow we obtain these principles? from what other source of 
knowledge we derive the original truths which we th us pur- 
sue into detain since it is manifest that such principles 
cannot be derived from the proper stores of mathematics or 
k>gic. These methods can generate no new truth ; and all 
the grounds and elements of the knowledge which, through 
them, we can acquire, must necessarily come from some 
extraneous source. It is certain, therefore, that the mathe- 
matician and the logician must derive from some nrocess 
^ifierent from their own, the substance and material of all 
•ur knowledge, whether physical or metaphysical, physio- 
logical or moral. This process, by whicn we acquire our 
first principles, (without pretending here to analyse it,) is 
ebviously the general course of human experience, and the 
natural exercise of the understanding ; our intercourse with 
matter and with men, and the consequent growth m our 
minds of convictions and conceptions such as our reason 
can deal with, either by her systematic or unsystematic 
methods of procedure. Supplies from this vast and inex- 
haustible source of original truths are requisite, to give any 
value whatever to the results of gor deductive processes, 
whether mathematical or logical ; while on the other hand, 

* ''Since all reasoning may be resolved into syllogisms, and 
since in a syllogism the premises do virtually assert the conclu- 
sios. it follows at once that no truth can be elicited by any pro* 
eess ef reasoning." — Whately's LogiCy p. 2^. 

Ifsthematics is the logic of quantity, and to this scisnee ths 
•laarvation here quoted isstrioly applicable. 

o 
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there are many branchei of our knowledge, in which W 
possess a large share of original and derivaUTaeonvictiGBi 
and truths, but where it is nevertheless at preaentq[uita im* 
possible to erect our knowledge into a complete syfltem;^ 
to state our primary and independent truthsi am{ to ahow 
how on these all the rest depend by the rales of art. If the 
mathematician is repelled trom speculations on morals or 
politics, on the beautiful or the righL because the reasonings 
which they involve have not mathematical precisioB and 
conclusiveness, he will remain destitute of much of the most 
valuable knowledge which man can acquire. And if he 
attempts to mend the matter by giving no treatises on mo- 
rals, or politics, or criticism, a form and a phraseology bor- 
rowed Irom the very few tolerablv complete physical sci- 
ences which exist, it will be found that he is compelled to 
distort and damage the most importamt truths, so as to de- 
prive them of their true shape and import, in order to liffca 
them into their places m this artificial system. 

If therefore, as we have said, the mathematiccd philoso- 
pher dwells in his own bright and pleasant land of deductive 
reasoning, till he turns with disgust from all the specula- 
tions, necessarily less clear and conclusive, in which hii 
imagination, his practical &cultie& his moral sense, hiscft* 
pacity of religious hope and belief, are to be called into ao- 
tion, he becomes, more than common men, liable to mist 
the road to truths of extreme consequence. 

This is so obvious, that charges are frequently broug^ 
against the study of mathematics, as unfitting men for thoso 
occupations which depend upon our common instinctive 
convictions and feeling upon the unsystematic exercise of 
the understanding with regard to common relations and 
common occurrences. Bonaparte observed of Laplace, when 
he was placed in a public office of considerable importance 
that he did not discharge it in so judicious and clear sighted 
a manner as his high intellectual fame might lead most per- 
sons to expect.* "He sought," that great judge of charac- 
ter said, " subtleties in every subject, andf carried into his 
official employments the spirit of the method of infinitely 

* A rinterieur le ministre Quinette fat remplace par Laptecsb 
geometre du premier rang, n;ais qui ne tarda pas a se maatxvt 
admlnistrateur plus que mediocre : dcs son premier travail ka 
cousols s'apergurent qails s'etaient trompes ; Lsplaoe oe r-*- 
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anil mmatitiei," by ivhioh the xDathematician solves his 
move aoetniw probieme. And the complaint that mathe- 
matical stui&i jnake men insenflible to moral eyidence and 
to poeticid beauties, is so often repeated as to 'show that 
•ttne oppMitaon of tendency is commonly perceived between 
that exercise of the intellect which mathemfitics requires 
and those processes which go on in ou/ minds when moral 
character or imaginative beauty is the subject of our con- 
teatnlation. 

TDua while we acknowledge all the beauty and all the 
Takie of the mathematical reasonings by whicn the conse- 
quences of our general laws are deduced, we may yet con- 
aider it possible that a philosopher, whose mind has been 
Bainly employed, and his intellectual habits determined, 
by thfi process of deduction, may possess, in a feeble and im- 
perfect degree only, some of those faculties by which truth is 
attained, and especially those truths which regard our re- 
lation to that mind, the origin of all law, the source of first 
principles, which must be immeasurably elevated above ail 
derivative truths, it would, therefore, be lar frftm surprising, 
a there should be found, among the great aqthors of tlie 
developementsof the mechanical philosophy, some who had 
jefiisea to refer the phenomena of the universe to a supreme 
auDd, purpose, and will. And though this world be, to a 
Miever in the Being and government of God, a matter of 
jorrow and pain, it need not excite more surprise than if the 
■ame were true of a person of the most ordinary endow- 
ments, when it is recollected in what a disproportionate man- 
ner the various faculties of such a philosopher may have 
been cultivated. And our apprehensions of^injury to man- 
kind from the' influence of such examples will diminish, 
when we consider, that those mathenuOicians whose minds 
have been less partially exercised, the great discoverers of 
the truths which others apply, the philosophers who have 
looked upwards as well as downwards, to the unknown as 
well as to the known, to ulterior as well as proximate prin- 
ciples, have never rested in this narrow and barren doo- 

iMait aneone qusstkm sous son vrai point de vne : 11 eherebsft 
das snhtilitfls partoat, tfavait que dee idees problematiques. et 
pertatt tafin I'esprit des inflnimentpetUs dans radmiDMratian. 
-^MmuirM $erU9 a SU Atone, L £ 
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trine ; bat have perpetually looked forwards, beyond meM 
maiterial lawa ax&d causes, to a First Cause of the moral and 
material world, to which each advance in philosophy might 
hring them nearer, though it must ever remain indefinitely 
beyond their reach. 

it scarcely needs, perhaps, to be noticed, that what we 
here represent as Uie possible source of error is, not the per* 
fection of the mathematical habits of the mind, but the defi- 
ciency of the habit of apprehending truth of other kinds;— 
not a clear insight into the mathematical consequences of 
principles, but a want of a clear view of the nature and 
foundation of principles ; — ^not the talent for generalizing 
geometrical or mechanical relations, but the tendency to 
erect such relations into ultimate truths and efficient causes. 
The most consummate mathematical skill may accompany 
and be auxiliary to the most earnest piety, as it often has 
been. And an entire command of the conceptions and pro- 
cesses of mathematics is not only consistent with, but is the 
necessary condition and principal instrument of every imr 
portant step in the discoverv of physical principles. Newton 
was eminent above the philosophers of his time, in no one 
talent so' much as in the power of mathematical deduction. 
When he had ftaught signt of the law of universal gravita- 
tion, he traced it to its consequences with a ra[>idity, a dex- 
terity, a beauty of mathematical reasoning which no other 
Eerson could approach ; so that on this account, if there 
ad been no other, the establishment of the general law was 
possible to him alone. He still stands at the head of mathe- 
maticians as well as of ))hilosophical discoverers. But it 
never appeared to him, as it may have apoeared to some 
mathematicians who have employed themselves on his dis- 
coveries, that the general law was an ultimate and suflkient 
principle : that the point to which he had hung his chain of 
deduction was the highest point in the universe. LagraneQ 
a modem mathematician of transcendent genius, was in Vbo 
habit of sayinff, in his aspirations after future fame, that 
Newton was fortunate in having had the system of tbs 
world for his problem, since its theory could be discovered 
once only. But Newton himself appears to have had no 
such perauftLsion that the problem he nad solved was uniqua 
and final t haJaboured to reduce gravity to some higosf 
laW| and the Ibroea of other ^yiical opeiwoDa to an ana 



logy wkh UiMe of gravity, and declared that all these were 
but steps in our advance towards a firA cause. Between 
VM uhd this first cause, the source of the universe and of its 
laws, we cannot doufac that there intervene many successive 
steps of possible discovery and generalization, not less wide 
and striking than the 'discovery of universal gravitation : 
but it is stiU more certain that no extent or success of phy- 
sical investigation can carry us to anj^ point which is not 
at an iamiAasurable distance from an adequate knowledge 



CHAPTER VUL 
(MfHnal Causes, 

Wa have pointed out a great number of instances where 
Hm mode in which the arrangements of nature produce their 
e&ct, suggests^ as we conceive, the belief that this effect is 
to be considered as the end and frarpose of these arrange- 
ments. The impression which thus arises, of design and 
intention exercised in the formation of the world, or of the 
realjty of i^noi Cbiues, operates on men's minds so gene- 
rally, and increases so constantly on every additional ex- 
amination of the phenomena of the universe, that we cannot 
but suppose such a belief to have a deep and st&ble founda^ 
tion. And we conceive that in several of the comparatively 
£bw cases in which such a belief has been rejected, the 
averseness to it h«ui arisen from the influence of some of the 
causes mentioned in the last chapter ; the exclusive pur- 
suit, namely, of particular trains and modes of reasoninf^ 
till the mina becomes less capable of forming the conceptioDS 
and makiiuf the exertions which are rei^uisite for the appre- 
hension oftruths not included among its usual subjects of 
thought 

1. This seems to be the ease with those who maiatain 
tiiat purpose and design cannot be inferred or deduced from 
the arrangemfints which we see around us by any process of 
reasoning. We can reason from effects to eauses, say such 
rnnien^ only in cases where we know something of toe na- 
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tore of the cauie. We can infer from the works of meHf 
the existence of desi^ and purpoee, because we know, from 
past observation, what kind of works human design and 
purpose can produce: But the universe, considerea as the 
work of God, cannot be compared with any corresponding 
work, or judged of hj any analogy with known examples. 
How then can we, m this case^ Uiey ask, infer design and 
purpose in the artist of the universe 7 On what principles, 
on what axioms, can we proceed, which shall include this 
necesftarily singular instance, and thus give legitimacy and 
validity to our reasonings 1 

What has already l^en said on the subject of the two 
different processes by which we obtain princifdes, and by 
which we reason from them, will suggest the reply to these 
questions. When we collect design and purpose from the 
arrangements of the universe, we do not arrive at our con- 
clusion by a train of deductive reasoning^but by the convic- 
tion which such combinations as we perceive immediately 
and directly impress upon the mind. " Design must have 
had a designer.'' fiut such a principle can be of no avail 
to one whom the contemplation or the description of the 
world does not impress with the perception of design. It is 
not, therefore, at the end, but at the beginning of our syllo- 
gisms, not among remote conclusions, but among original 
principles, that we must place the truth, that such arrange- 
ments, manifestations, and proceedings as we behold about 
us imply a Being endowed with consciousness, design, and 
will, from whom they proceed. 

This is inevitably the mode in which such a conviction is 
acquired ; and that it is so, we may the more readily be- 
lieve, when we consider that it is the case with the design 
and will which we ascribe to man, no less than in that 
which we believe to exist in God. At first sight we might 
perhaps be tempted to say, that we infer design and purpose 
from the works of man in one case, because we have known 
these attributes in other cases produce effects in some mea- 
sure similar. But to this we must reply, by asking how 
we come to know the existence of human design and pur- 
pose at firsts and atoll? What we see around us are cer- 
tain appearances, things, successions of .events ; how come 
we ever to ascribe to other men the thought and will of 
vhich we are conscious Dunelves? How do we come xq 
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iMlieve that there are other men 1 How are we led to elevatei 
in our conceptions, some of the objeeU which we perceive 
into penoha? No doubt their actionsL their words induce 
US to do this. We see that the manifestations which wa 
observe must be so understood, and no otherwise. We feel 
that such actionsi such events muBt be connected by con* 
sciousness and personality ; that the actions are not the ac- 
tions of thinffs, but of persons ) not necessary and without 
significance^ like the falling of ft' stone, but voluntary and 
with purpose like what we do ourselves. But this as not a 
result oi reasoning : we do not infer this from any similar 
case which we have known ; since we are now speaking of 
thdjir8t conteption of a will and purpose different from our 
own. In arriving at such knowledge, we are aided only 
by our own consciousness of whatuiought, purpose, will, 
are : and possessing this regulative principle, we so deci- 
pher and interpret the complex appearances wmch surround 
us, that we receive irresistibly um persuasion of the exist* 
enee of other men, with thought and will and purpose like 
our own. And just in the same manner, when we examine 
attentively the adjustment of the parts of the human frame 
to each other and to the elements, the relation of the proper- 
ties of the earth to those of its inhabitants, or of the phy- 
sicial to the moral nature of man, thought must arise and 
clmg to our perceptions, however little it be encouraged, that 
this system, every where so full of wonderful combmations, 
suited to the preservation, and well being of living creatures, 
is also the expression of the intention, wisdom, and goodness 
of a pttrsonai creator and governor* 

We conceive then that it is so far from being an unsatis- 
factory or unphgosophical process by which we collect the 
existence of a. Deity from the works oi creation, that the 
process corresponds most closely with that on wnich rests 
the most steadbst of our convictions, next to that of our own 
existence, the belief of the existence of other human beings. 
If any one ever went so-frir in scepticism as to doubt the ex- 
istence of any other person than himself he mightj so far 
as the argument from final causes is concerned, reject the- 
being of (Ood as well as that of man ; but without dwelling 
on the possibility of such fantasies, when we consider how 
impossible it is for men in general not to attribute person* 
aU^, purpose, thought, will to eaMSh other, in yirtue of ceiw 
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tain combinations of appearances and actions, we mini 
deem them most consisUnt and reasonable in attribitf' 
mg also personality and purpose to God, in virtue of the 
whole assemblage of appearances and actions wfaieh con- 
stitute the universe, full as it is of combmations from which 
such a suggestion springs. The vividness, the constancy 
of Uie belief of a wise and good Being, thus governing tbe 
world, may be different in dmerent men, accwdmg to their 
habit of directing their thoughts on the subject ; but such a 
belief is undoubtedly capable of becoming hvely and stead- 
fast in the highest degree. It has been entertained and che- 
rished by enlightened and well regulated minds in all ages; 
and has been, at least since the rise of Christianity, not only 
the belief^ but a pervading and ruling principle of action of 
itoany men, and of whole communities. The idea may ba^ 
rendered more &int by tumins the mind away from it, and 
perhaps by indulging too exclusively in abstract and gene- 
ral speculations. It grows stronger by an actual stud^ of , 
the details of the creation; and, as regards the practical 
consequences of such a belief, by a habit of referring our 
actions and hopes to such a Governor. In this way it » ca- 
pable of becoming as real and fixed an impression as that 
of a human friend and master ; and all that we can learn, 
by observing the course of men's feelings and actions, tends 
to convince us, that this belief of the being and presence and 

government of Grod, leads to the most elevated emd beneficial 
ame of mind of which man is capable. 

2. How natural and almost inevitable is this persuasion 
of the realit]^ of the Final Causes and consequent belief in 
the personality of the Deity, we may gather by observing 
jiow constantly it recurs to the thoughts, even of those who^ 
in consequence of such peculiarities of mental discipline as 
have been described, have repelled and resisted the impres. 
sion. 

Thus, Laplace, of whom we have alread]r spoken, as one 
of the greatest mathematicians of lAodem times, expremes 
his conviction that the supposed evidence of final causes will 
disappear as our knowledge advances, and that they only 
seem to exist in those cases where our ignorance leaves 
room for such a mistake. ** Let us run over," he sa3rs, 
" the history of the progress of the human mind and its er- 
rors t we shall perp^Uially see final causes oushed away t^^ 



tfM txrandi of in kaovledffe. Thno cawKfl, which New- 
Mi reHDored to the limits c» the eoiar systeip, were not long 
mgo eonoelTad to obtain in the atmospKere, and employed in 
explaining meteorg : they are, therelore, in the eves of the 
^uloeopter, nothing more than the ezpreuion of the igaxh 
xance in which we are of the real causes. 

We may obier^ that we have endeavoured to give a 
ristj diflmnt, and, aa we believe, a far truer view of the 
effiiet which philosophy has produced on our knowledge of 
inal causes. We have shown, we trust, that the notion of 
design and end is transferred by the researches of science, 
not from the domain of our knowledge to that of our igno- 
rance, hut merely from the region of foctsto that of laws. 
We hold that, in this form, final cuses in the atmosphere 
are still to be conceived to obtain, no less than in an earlier 
state of meteordoffical knowledge ; and that Newton was 
right, wheii he belfeved that he had established their reality 
in the solar system, not expelled them from it. 

But our more peculiar business at present is to observe 
that Laplace himself in describing the arrangements by 
which the stability of the solar system is secured, uses lan- 
guage which shows how irresistibly these arrangements 
Buggest an adaptation to its preservation as an end. If in 
his expressions we were to substitute the Deity for the ab- 
straction ** nature'' which he employs, his reflection would 
coincide with that which the most relieious philosopher 
would entertain. ** h seems that ' God' has ordered every 
thing in the heavens to ensure the duration of the planetary 
systemi by vietM similar to those which He appears to us 
so admtfamy to follow upon the earth, for the preservation 
of animafai and the perpetuity of the species."* This con* 
tideration alone would explain the disposition of the system,' 
if it were not the business of the geometer to eo further." 
It may be possible for the geometer to go further ; but ha 
Biust De strangely blinded by his peculiar pursuits, if, when 
he has discovered the mode in which theso views are an* 

* U semble qoe la nstore sit tout dfaqiose dsns 1e eiel, poor ss- 
sorer la dtiree da sysleme plaaetairs, par des vaas samblables a 
stnes qu'elle nous psrait soivrs si admirsblemfiit sor la tarra, 
poor la coBMrvation des individiis at la psrpatttita das aapacaSi 
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■wered, lie lupposes himself to have obtained a proof that 
Uiere are no views at alL It would be as if the savage, 
who had marvelled at the steady workiiw of the steam en- 
gine, should cease to consider it a work otart, as sooq as the 
■elf-rcgulating part of the mecheuiism had been explained 
to him. 

The unsuccessful'struggle in which those persono eneagei 
who attempt to throw on the impression of design m u» 
creation, appears in an amusing manner through the sim- 
plicity o f the ancient Roman poet of this school. Lucretius 
maintains that the eye was not made for seeing, nor the ear 
for hearing. But the terms in which he recommends this 
doctrine show how hard he knew it to be for men to enter- 
tain such an opinion. His advice is, — 

niad in his rebus vitium vekementer et istum, 
EffVifero errorem, vitareqae prameditatorf 
Lumlna ne facias oculorum clara creata. , 

Proepicere ut i)os8lmus. iv.8. . 

*Gain8t their preposterous error guard thy mind 
Who say each organ was for use designed ; 
Think not the visual orbs, so clear, so bright, 
Were furnish'd for the purposes of sight. 

• 

Undoubtedly the poet is so far right, that a most " vehe- 
ment" caution and vigilant " premeditation" are necessary 
to avoid the " vice and error" ot such a persuasion. Tha 
study of the adaptations of the human frame is so convincing, • 
that It carries the mind with it, in spite of the resistance sug- 
gested by speculative systems. Cabanis, a modem FrencK 
physiological writer of f reat eminence, may be selected as a 
proof of this. Both by the general character of his own spe- 
culations, and by the tone of thinking prevalent around 
him, the consideration of design in the works of nature was 
abhorrent from his plan. Aecordin^ly he joins in repeating^ 
Bacon's unfavourable mention of final causes. Yet when 
he comes to speak of the laws of reproduction of the human 
race, he appears to feel -himself compelled to admit the irre- 
sistible manner in which such views force themselves on 
the mind. " 1 regard," he says, " with the preat Bacon^ 
•the philosophy of final causes as barren; but i have else- 
where acknowledged that it was very difficult for the most 
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ctntious man (l*homrae le plus reservd) qever to have ra* 
eourae to them in his explanations."* 

3. It may be worth our while to consider for a moment 
the opinion here referred to by Cabanis, of the propriety of 
excluding the consideration of final causes from our natural 
philosophy. The great authority of Bacon is usually ad- 
duced on this subject. " The handiinff of final causes," says 
he, '* mixed with the rest in physical inquiries, hath inter- 
eepted the severe and diligent inquir}r of all real and phy- 
ncal causes, and given men the occasion to stay upon these 
■atis&ctory and, specious causes to the great arrest and pre- 
judice of mrther aiscovery.*'t 

A moment's attention will show how well this represent- 
ation agrees with that which we have urged, and how fai 
it is from dissuading the reference to final causes in reason- 
ings like those on which we are employed. Final causes 
are to be excluded/rom physical inquiry! that is, we are 
not to Assume that we know the objects of the Creator's de- 
sign, and put this asssumed purpose in the place of a phy- 
sical cause. We are not to think it,a sufficient account of 
the clouds that they are for watering the earth, (to take 
fiajcOn's examples,) or " that the solidness of the eartn is for 
the BtaUon and mansion of living creatures." The physical 
philosopher has it for his busmess to trace clouds to the 
taws of evaporation and condensation ; to determine the mag- 
nitude ai)d mode of action of the forces of cohesion and cry- 
stallization by which the materials of the ea^ are made solid 
and firm. This he does, making no u se of the notion' of final 
causes : and it is precisely because he has thus established 
his thecnries independently of any assumption of an end, that 
the end, when after all, it returns upon him and cannot be 
tBvaded, becomes an irresistible evidence of an intelligent le- 
gislator. He finds that the effects, of which the use is ob- 
vious, are produced by most simple and comprehensive 
laws; and when he has obtained this view, he is struck by 
the beauty of the means, by the refined and skilful manner 
in which the useful efiects are brought about ; — ^points dif- 
ferent from those to which his retearches were directed. 
We have already seen, in the very case of which we have 

* Rapports du Phisique et du Moral de TBome^ L 390. 
t De Augment Be. ii. 105. 
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been mnking, namely, the lawt by which the eUNMb nm 
formea and distribute their ibowera over the earth, how 
stronffly thoee who have moet cloeely and ezteoaivelr e]c&- 
mined the arrangementa there employed (as Howard, J)al« 
ton, and*Blaek) have been imprened with the harmcny and 
beauty which Iheae contrivancea manifiBst. 

We mayfind a funheraeeertionofthii view of the proper 
UM of final causei in philoeophy, by relerring to the-vonn 
of one of the greatest of our nhiloaophera, and one of the 
moBt pioasof our writers, Boyle, who has an Esmy on thM 
subject. " I am by all means," says h^ ** fior eneouraffing 
the contemplation of the celestial part of the world, ana tto 
shining^ globes that adorn it, ana eepeeiaUy the aim imd 
moon, m order to raise our admiration of the atup md iwMi 
power and wisdom of him who was able to firmme aueh im* 
mense bodies; and notwithstanding their vast biUk and 
Bccu'eo conceivable rapidity, katp them fiur ao many ages 
constaat both to the lines and degrees of their^notioab w<h« 
out interfering with one another. And doubtless we ovgfat 
to return thanks and pcaises to the divine goodness fat hav- 
ing so placed the sun and moon, and determined ttie for* 
mer, or else the earth to move in particular Unea for the good 
of men and other animals; and how disadvantegcous it 
would have been to the inhabitants of the earth if the lumi- 
nariep had moved after a diiierent manner, 1 dare nol^ how- 
ever, affirm that the sun, moon, and other celestial bodiee 
were made solely for the use of man : mueh leatpruwrn^ 
to vrove one aystem qf the UDorld to be true ana another 
J'aUe ; because the former ia b^terJUted to the conmni 
ence qfmankind^ or the other Uee euUed, or pcrht^ aUth 
gether tueless to that end,** 

This passage exhibits, we conceive, that combination ef 
feelings which ought to mark the character ef the religioiit 
natural philosopher ; an earnest piety ready to draw nutri* 
ment from the contemplation of estamiahed phyaioai truths} 
ioined with a philosophical caution, which is pot seduced 
by the anticipation of such contemplations, to pervert the 
strict course of physical inquiry. 

It is precisely through this obilosophical eare and seiupv- 
lousness that our views of final causes acquire their force 
and value as aids to religion. The object of aueh views is 
not to lead us to physicu truth, but to oonneot aueh truth 
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fifftBooed by its proper processes and methods^ with oi)r viewi 
of Gkxi, the master of the universe, through those laws and 
relations which are thus placed beyond dispute. <^ 

Bacon's comparison of final causes to the vestal virgins 
is one of those poignant sayings, so frequent in his writings, 
which it is not easy to forget. " Lise ti:]^m," he says, 
" they are dedicated to God, and are barren." But to any 
one who reads his work it will appear in what spirit this 
was meant " Not because those final causes are not true 
and worthy to be inquired, being kept within their own pro- 
vince.*' (Of the Aovancement of Learning, b. ii. p. 142.) 
If he had had occasion to develope his simile, full of latent 
neaoing as his similes so often are, he would probably have 
■aid, -that to these final causes barrenness was no reprectch, 
■Being they ought to be, not the mothers but the daughters 
of our natural sciences; and that they were barren, not by 
imperfection of their nature, but in order that they might he 
kept pare and undefiled, and so fit ministers in the temple of 
God. 



CHAPTER Vni. 

On thqPkyaictd Agency qftm Deity. . 

1. Wb are not to expect that physical investigation can 
enaMe us to conceive tne manner in which God acts ujion 
the members of the universe. The question, " Canst thou 
Iry searcbing find out Gbdt" must silence the boastings of 
■cience as well as the repinmgs^ adversity, indeed, sci- 
ence «)^WB us, far more clearly than the conceptions of 
every day reason, at what an immeasurable distance we are 
from any faculty of conceiving kou) the universe, material 
wad moral, is the work of the .Deity. But with regard to 
the matenal world, we can at least go so tJaur as this ; — we 
caa perceive that events are brought about, not by msolated 
inteipositions of divme power exerted in each particular case^ 
but by the establishment oi general laws. This, which is 
the view of the imiverse proper to science, whose office it ii 
10 aeurch out these laws, is also the view which, through- 
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out thif worki we have endeavound ttt kaep p w unt to tly^ 
mind of the reader. We have attempted to ihov that * 
combinee iteelf meet readfly and harmonirmaly with the doo* 
trinee of Natural Theoloffy ; and the aigumaota for thoM 
doctrines are ■trengtbenec^ the diflkultiea which aifeet then 
removed, by keepms it eteadOy beina us. We eonoehra^ 
therefinre, that the rwgiouB phiksopher wi\l do well to bear 
this conception in hit mind. Gkxl is the author and govsmor 
of the universe through the laws whieh ha has given to iti 
parte, the properties which he has imp re ss e d upon its con- 
stituent elements } these laws and propNerties are, as we have 
already said, the instruments with whieh he works ; the in- 
stitution of such laws, the selection of the ouantitiee whieh 
they involve} their combination and aspueation, are the 
modes in which he ezeits and manifests bis power, his wis« 
dom, his goodness: through these attributes^ thus exercised^ 
the Creator of all, shapes, moves^ susCains^ and guides the 
visible creation* 

This has been the view of the relation of the Deity to the 
universe entertained by the most sagacious and comprehen- 
sive minds ever since the true object of natural phuoaophy 
has been clearly and steadily apprehended. The great vrriter 
who was the nrst to give philosophers a distinct and com- 
manding view of this object, thus expresses himself in his 
"Confession of Faith:" "i believe— that notwithstanding 
Qod hath rested and ceased from creating since the first 
Sabbath, yet, nevertheless, he doth accompfish and Ailfil his 
divine will in all things, great and small, singubur and gene- 
ral, as fully and exactly by providenos, as he ooum hf 
miracle ana new creation, though his working be not im* 
mediate and direct, but by compass \ not violating nature^ 
which is his own law upon the creature.*' 

And one of our own tune, whom we can no knger hesi- 
tate to place among the worthiest diseiples of the sehool of 
Bacon, conveys the same thought in the fottewfaig paasoge t 
(« The Divine Author of the univerM eanntt be supposed to 
have laid down particular laws, enumerating all individual 
contingencies, whieh his materials have uaderetood aad 
obey-"<his would be to attribute to him the i ap aribetioief 
human le^pshttion^-but rather by ereatiog tiiem tttdnid 
with certam fixed qualitiee and powera he has impresssi 
them in their origiD with tb» ip<r^ not the Istlir of hit kv« 
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•iid made all their ■ubseouent combinatioiur and relatiotti 
JBevtoiUe eontequenees oi this first impreiaioiu"^ 

2. This, whieh thus appears to be the mode of the Deity's 
qptration in the material world, requires some attention on 
our part in order to understand it with proper elearness* 
One reason of this is, that it is a mode of operation altoge- 
ther difierent from that in which we are able to make mat* 
ter fulfil eur designs. Man can construct exquisite ma* 
olrines, can call in vast powers, can form extensive oombi- 
nations, in order to brin^ about results which he has in 
▼iew. But in all this he is only taking advantage of laws 
of nature which already exist : he is applying to his use 
qualities which matter already possesses. Nor can he by 
any efibrt do more. He can establish n« new law of na- 
ture whieh is not a result of the existing ones. He can invest 
matter with no new properties which are not modifications 
of its present attributes. His greatest advances in skill and 
power are made when he calls to his aid forces which before 
existed unemployed, or when he discovers so much of the . 
habits of some or the elements as to be able to bend them to 
his purpose. He navigates the ocean by the assistance oi 
the winds which he cannot raise or still : and even if we 
suppose him able to control the course of these, his yet un* 
subjugated ministers, this could only be done by studyingr 
their characters, by learning more thoroughly the laws <» 
air and heat and moisture. He eannot give the minutest 
portion of the atmosphere new relations, a new course of ex- 
pansion, new laws of motion. But the Divine operations, 
on the other hand, include something much higher. They 
take in the establishment of the laws of the elements, as 
well as the combination of these laws and the determma* 
tion of the distribution and quantity of the materials on 
which they shall produce their efieet We must oonceivs 
that the finipreme Power has ordained that air shall be ra- 
refied, and water turned into vapour, by heat ; no less than 
that he has oombined air and water so as to BprmUe the 
earth with showers, and determined the quantity of heat and 
idr and wvter, so that the showers shall be as benefieial aa 

nars. 
• may and must, theisfovs, in oar eonosiUlQiii fiC lbs 

^ BenefaDl on the fltndy or Net VhlL Art 981 
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Dirine ptirpow and uwncy, g^ beyond the analogy of hii« 
man contrivancee. We must conceive the Deity, not oolY 
aa conitructing the most refined and vast machinay. with 
which, as we nave already seen, the universe is filled; but 
we must also imagine him as establishmg those properties 
by which such machinery is possible: as giving to the mar 
terials of his structure the qualities by which the auoerial 
is fitted to its use. There is much to be found, in natural 
objects, of the same kind of contrivance which- is common 
to these and to human inventions ; there are mechanical de- 
vices, operations of the atmospheric elements, chemical 
processes ;~>many such have been pointed out, fnany more 
exist. But besides these cases of the combination of means, 
which we seem able to understand without much difficulty, 
we are led to consider the Divine Being as the author of 
the lawa of chemical, of physical, and of mechanical action, 
and of such other laws as make mattec what it is; — and 
this is a view which no analogy of human inventions, no 
knowledge of human powers, at all assists us to embody or 
understand. Science, therefore, as we have said, while it 
discloses to us the mode of instrumentality employed by the 
Deity, convinces us, more effectually than ever, of the im- 
possibility of conceiving Qod*B actions by assimilating them 
to our own. 

3. The laws of material nature, such as we have described 
theoL, operate at ail times, and in all places; affea every 
province of the universe, and involve every relation of its 
partf. Wherever these laws appear, we have a manifesta- 
tion of the intelligence by which they were established. But 
a law supposes an agent, and a power; for it is the mode 
according to which t& agent proceeds, the order according 
to which the power acts. Without the presence of such an 
agent, of sued a power, conscious of the relations on which 
the law depends, producing the effects which th^ law pre- 
scribes, the law can have no efficacy, no existence. Hence 
we infer that the intell^ence by which the law is ordained, 
the power by which it is put in action, must be present at all 
times and in all places wnere the effects of the law occur ; 
that thus the knowledge and the agency of the Divine Be- 
ing pervade every portion of the universe, produeinc all 
action and passion, all permanence and change. The lawi 
of nacun ar» the iawi which he, in his wis^m, preicribci 
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to lus own acta;' hu universal presence ii the necessary 
eonditxm of any course of events, his universal agency tha 
only origin of any efficient force. 

This view of the relation of the universa to Ood has been 
entertained by many of the most eminent of those who have 
combined the consideration' of the material world with the 
contemplation of God himself, it may therefore be of use 
to Ulustrate it by a few quotations, ana the more so as we 
find this idea remarkably dwelt upon in the works of that 
writer whose religious views must always have a peculiar 
interest for the cultivators of physical science, the great 
Newton. , 

Thus, in the observations on the nature of the Deity with 
which he closes the '* Op^ticks,*' he declares the various por- 
tions of ^ world, organic and inorganic, " can be the effect 
of nothing else than the wisdom andskill of a powerful ever 
living Agent, who being in all places, is more able by his 
will to move the bodies within his boundless uniform senso* 
riumt and thereby to form and reform the parts of the uni- 
verse, than we are by our wiU to move the parts of our own 
bodies." And in the Scholium at the end of the " Principia," 
he says, *' Qod is one and the same Grod always and every 
where. He is omnipresent, not by means of |ii^ virttte 
alone, but also by his attbatanee^ for virtue cannot subsist 
without substance. In him all thinjra are contained, and 
move, but without mutual passion; God is not acted upon 
by motions of the bodies ; and they suffer no resistance 
from the omnipresence of Ood." And he refers to several 
passages confirmatory of this view, not only in the Scrip- 
tures, out also in writers who hand down to us the opinions 
of some of the most philosophical thinkers of the pagan 
world. He does not aisdain to quote the poets, and among 
the rest, the verses of Virgil : 




warning his reader, however, agamst the doctrine which 
such expressions as these are sometimes understood to ex- 
press. "All diese things he rules, not as the toul ofthM 
vorUL but as the Lord of all." 
P 
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Clarke, the friend and disciple of Newton, is one of thoie 
who has most stsenuously put forwards the opmioo of 
which we are speaking, " All things which we commonly 
say are the'effects of the natural powers of matter and laws 
of motion, are indeed (if we will speak strictly and properly,) 
the effects of Gk)d*s acting upon matter continually and at 
every moment, either immediately by himself or mediately 
by some created intelligent being. Consequently there u 
no such thing as the course of nature, or tlie power of na- 
ture.*' independent of the effects produced by the will of 
God. 

Dugald Stewart has adopted and illustrated the same 
opinion, and quotes with admiration the well known passage 
of Pope, concerning the Divine Agency, which 

** Lives through all life, extends through all extent, 
Spreads undivided, operates unspent" 

Mr. Stewart, with no less reasonableness than charity, 
asserts the propriety of interpreting such passages accord- 
ing to the scope and spirit of the reasonings with which they 
are connected ;* since, though by a captious reader they 
might be associated with erroneous views of the Deity, a 
more favourable construction will often see m them only the 
results of the necessary imperfection of our language, 
when we dwell upon the omnipresence and universal ac- 
tivity of God. 

Finally, we may add that the same opinions still obtain 
the assent of the liest philosophers and divines of our time. 
Sir John Herschel says, (Discourse on the Study of Na- 
tural Philosophy, p. 37.) "We would noway be understood 
to deny the constant exercise of His direct power in main- 
taining the system of nature ; or the ultimate emanatwn, of 
every energy which material asenis exert, from his imme- 
ate will, acting in conformity with his own laws." And the 
Bishop of London, in a note to his " Sermon on the duty of 
combining religious instruction with intellectual culture," 
observes, "the student in natural philosophy will find rest 
from all those perplexities which are occasioned by the 6b- 
Bcurity of causation, in the supposition, wluch although it 

* Elem. of Phil. ii« p. 273. 
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^ms discredited by the patronage of Mallebranche and tho 
Cartesians, has been adopted by Clarke and Dugald Stew- 
art, and which is by £qx the most simple and sublime w> 
count of the matter ; that all the events, which are continu- 
ally takbg place in the different parts of the material uni- 
verse, are the immedicUe effects of the divine agency." 



CHAPTER IX. 

On tke ImpreBsion produced by considering the Nature 
and Prospects of Science; or, on the Impossibility of 
the Progress of our Knowledge ever enabling us io 
comprehend the Nature qfthe Deity, 

If we were to stop at the view presented in the last chap- 
ter, it might be supposed that — ^by considering Qod as eter- 
nal and omnipresent, conscious of all the relations, and of aU 
the objects of the universe, instituting laws founded on the 
contemplation of thftse relations, and carrying these laws 
into effect by his immediate energy,— we iiad attained to a 
conception, in some degree definite, of the Deity, such as 
natural philosophy leads us to conceive him. But by rest- 
ing in this mode of conception, we should overlook, or at least 
should disconnect from our philosophical doctrines, all that 
most interests or affects us m the character of the Creator 
and Preserver of the world ; — ^namely, that he is the law- 
giver and judge of our actions; the proper object of our 
prayer afid adoration ; the source irom which we may hope 
xbr moral strength here, and for the reward of our obedi- 
ence aM the elevation of our nature in another state of ex- 
istence. 

We are very fax from believing that our philosophy alona 
can^ive us such assurance of these important trutns iu is 
requisite for our guidance and support ; but we think that 
even our physical philosophy will point out to us the neee»- 
sity of proceeding far beyond that conception of God, which 
represents him merely as the mind in which reside all the 
contrivance, law, and energy of the material world. We be- 
lieve that the view of the universe which modem tciaoit 
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has already opened to ub, compared "^ith the ptoipeet nf 
what she has still to do in pursuing the path on which fhe 
has just entered, will show us how immeasurably inade* 
quate such a mode of conception would be : and that if we 
take into our account, as we must in reason do, ail thatsf 
which we have knowledge and consciousness, and of which 
we have as yet no systematic science, we shall be led to a 
conviction that the Creator and Preserver of the material 
world must also contain in him such properties and attri- 
butes as imply his moral character, ana as fall in most con- 
sistently with all that we learn in any other way of his pro- 
vidence and holiness, his justice and mercy. 

1. The sciences which have at present acquired anY 
considerable degree of completeness, are those in which 
an extensive and varied collection of phenomena, and 
their proximate causes, have been reduced to a few sim- 
ple general laws. Such are Astronomy and Mechanics, 
and perhaps, so far as its physical conditions are concerned, 
Optics. Other portions of human knowledge can be consi- 
dered as perfect sciences, in any strict sense of the term, 
only when they have assumed this form ; when the various 
appearances which they involve are reduced to a few prin- 
ciples, such as the laws of motion and the mechanical 
properties of the luminiferous ether. If we could trace the 
endless varieties of the' forms of crystals, and the compli- 
cated results of chemical composition, to some one comprc 
hensive law necessarily pointing out the crystalline form ot 
any given chemical compound, mineralogy would become 
an exact science. As yet, however, we can scarcely boast 
of the existence of any other such sciences than those which 
we at first mentioned ; and so &.r therefore as we attempt 
to give definiteness to our conceptions of the Deity, by con- 
sidering him as the intelligent depositary and executor of 
laws of nature, we can subordinate to such a mode of con* 
ception no portion of the creation, save the mechanical 
movements of the univerft, and the propagation and pro* 
per ties of light. 

2. And if we attempt to argue concerning the nature of 
the laws and relations which govern those piturinces of cre- 
ation whither our science has not yet reached, by applying 
some analogy borrowed from cases where it has hoen sue* 
cessfiil, we nave no chanoe of attaining any exotpt tbt 
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most erroneous and worthless guesses. Tlie history of hu- 
man speculations, as well as the nature of the objects of 
them, shows how certainly this must happen. The gpreat 
generalizations which have been established in one depart- 
ment of our knowledge, have been applied in vain to the 
purpose of throwing light on the other portions which still 
continue in obscurity. When the Newtonian phUosophy 
had explained so many mechanical facts, by the two great 
Bteps, — of resolving the action of the whole mass into the ac- 
tions of its minutest particles, and considering these parti- 
cles as centres of force, — attempts were naturally soon made 
to apply the same mode of explanation to facts of other dif- 
ferent kinds. It was conceived that the whole of natural 
philospphy must consist in investigating the laws of force 
oy which particles of different substances attracted and re- 
pelled, and thus produced motions, or vibrations to ajad/rom 
the particles. Il et what were the next great discoveries in 
ph^^icsT The action of a galvanic wire upon a magnet; 
which is not to attract or repel it, but to turn it to the rigJU 
and left; to produce motion, not to or from, but transverw 
to the line drawn to the acting particles ; and again, the un- 
dulatory theory of light, in which it appealed that the un- 
dulations must not be longitudinal, as all philosophers fol- 
lowing the analogy of all cases previously conceived, had, 
at first, supposed them to be, but ttansverse to the path of 
Uie ray. Here, though the step from the known to the un« 
known was comparatively small, when. made conjectural! j 
it was made in a direction very wide of the truth. How im- 
possible then must it be to attain in this manner to any con- 
ception of a leew which shall help us to understand the 
whole govemnient of the universe 1 

3. Still, however, in the laws of the luminiferous etherp 
and of the other fluid, (if it be another fluid,^ by which gal- 
vanism and magnetism are connected, "ire nave something 
approaching nearly to mechanical action, and possibly, here- 
after to be identified with it. But we cannot turn to any 
other part of our physical knowledge, without perceiving 
that the gulf whicn separates it from the exact sciences le 
yet wider and more obscure. Who shall enunciate for us, 
and in terms of what notions, the general law of chemieai 
composition and decomposition? sometimes indeed we give 
the name oi attroGHoit td the afiinity by which we suppow 

29 
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the pwCidai of the various in^^ients of bodies to bo af* 
gregated; but no one ean *pouit out anj common feataK 
between this and the attractions of wfaicJi alone we kaowtbe 
exact eflbcts. He who shall discover the true ffeoeral law 
of the forces by which elements form eompounak will prs* 
bably advance as far be)rond the diseoveries of Newton, at 
Newton went beyond Aristotle. But who shall say in what 
direction this vast flight shaU be, and what new views il 
shall open to us of the manner in whioh matter obeys thf 
laws of the Creator? 

4. But suppose this flight performed v— we are yet but al 
the outset of the progress whioh must carry us towards 
Him. We have yet to begin to learn all that we are to know 
concerning the ultimate Taws of organized bodies. What 
is the principle of life ? Wfiat is the rule of that action of 
which assimilation, secretion, developement, ace manifests* 
tionsf and which appears to be fBk.rther removed from men 
chemistry than chemistry is from mechanics. And whatagaio 
18 the new principle, as it seems to be, which is exhibited in 
the irritabdUjf of an animal nerve t The ezistenca of a 
sense 1 How different is this from all the preceding no- 
tions 1 No efforts can avoid or conceal the vast bat inscrutaUs 
chasm. Those theorists, who have maintained most strenu- 
ously the possibility of tracing the phenomena of animal ii£v 
to the influence of physical agents, have eonstantly been 
cHsliged to suppose a mode of agency altogether difierent from 
any yet known in physics. Tnus ttamarck, one of the most 
noted of such speculators, in describing the coarse of his 
researches, says, " I was soon persuaded that the iniemal 
tentiment constituted a power which it was necessary to 
take into account." And Bichat, another writer on the same 
subject, while he declares hfs dissent from Stahl^ and the 
earlier speculators, who had referred every thing in the 
economy of life to a single principle, which they called the 
anima^ the vital principle, and so forth, himself introduces 
several principles, or laws, all utterly foreign to the r^ion of 
physics ; namely,'Orgt»n»c mmsibilitv, orgtude oontrtKtUUy^ 
animal sentihUUyy animal contractility, and the like. Sup- 
posing such principles really to exist, how £ar enlaiged and 
changed must our views be before we can conceive these 
properties, including the &culty of pereeptioi, which they 
vnply, to be produced by the will and poworof onn Sapteoa* 
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Being, acting by fixed l^ws. Yet without conceiving this 
we cannot conceive the agency of that Deity, who is incea* 
Bantly thus acting, in countless millions of forms and modes. 
How strongly then does science represent Gkxl to us as 
xnoomprehensible 1 His attributes as unfathomable I His 
power, his wisdom, his goodness, appear in each of the pro- 
vinces of nature which are thus brougVit before ua ; and 
in each, the more we study them, the more impressive, the 
more aomirable do they appear. When then we find these 
qualities manifested in each of so many successivis ways, 
and each manifestation rising above the preceding by un- 
known degrees, and through a progression of unknown ex« 
tenty what other language can we use concerning such 
attributes than that they are infinite ? What mode of expres- 
sion caz^ the most cautious philosophy suggest, other than 
that He, to whom we thus endeavour to approach, is infi- 
nitely wise, powerful, and good? 

5. But with sense and consciousness the history of living 
things only Begins. They have instincts, aifections, pas- 
sions, wilL How entirely lost and bewildered do we find 
ourselves when we endeavour to conceive these faculties 
communicated by means of general laws? Yet they are so * 
communicated from God, and of such laws he is the law- 
giver. At what an immeasurable interval is he thus placed 
above everv thing which the creation of the inanimate world 
alone would imply ; and how far must he transcend all 
ideas founded on such laws as we find there I 

6. But we have still to go further and far higher. The 
world of reason and of mortality is a part of the same crea- 
tion, as the world of matter and of sense. The will of man 
is swayed by rational motives ; its workings are inevitably 
compared with a rule of action : he has a conscience which 
speaks of right and wrong. These are laws of man's na- 
ture no less than the laws of his material existence, or his 
animal impulses. Yet what entirely new conceptions do 
they involve 1 How incapable of being resolved into^ or as- 
similated to, the results of mere matter, or mere sense I Mo- 
ral good and evil, merit and demerit, virtue and depravity, 
if ever they are the subjects of strict science, must belong 
to a science which views these things not with reference to 
time or space, or mechanical causation, not with reference to 
flnld or ether, nervous irritability or corporeal feeling, but to 
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their own proper modes of cooception; with r e fenne e H 
tiie reiatiou wiih which it b poafibie that these notioM 
may be connected, and not to reiaiiaoa tuggestcd bj echff 
subjects of a eompletely extraneous and t^terogeneooi m- 
t ■ : r* . And according to'such relations mu st the laws of thi 
tnoml world be apprehended, by any intelligence which eoi- 
tcm plates them at all. 

Tnere can be no wider faiterval in philosophy than tfat 
sf rarjition which must exist between the laws of meehs- 
I -.:dl force and motion, and the laws of free moral actioBi 
Vet the tendency of men to assume, in the portions of hu- 
man knowledge which are out of their reach, a similarity of 
typ'e to those ^h'ith which they are familiar, can leap over 
eVc-n this intervaL Laplace has asserted that **an intelli- 
gence which, at a given instaiit, should know all the ibreet 
by which nature is ui^ed, and the respective situation of 
the beinsrs of which nature is composed, if, moreover, il 
were sufficiently comprehensive to suoject these data to ttl- 
culation, would include in the same^brmula, the move- 
ments of the largest bodies of the universe and those of the 
slightest atom. Nothing would be uncertain to such intel- 
ligence, and the future, no less than the past, would be pre- 
sent to its eyes." If we speak merely of mecluuiical actionfl^ 
this may, jierhaps, be assumed to oe an admissible reore- 
Keiitation of the nature of their ccmnexion m the sight ot the 
supreme intelligence. But to the rest of what passes in the 
world, such language is altogether inapplicable. KfirmvJUs 
IS a brief mode of denoting a rule of odculating m which 
mumbers are to be used : and numerical measures are ap> 
plicable only to things of which the relation depend on time 
and space. By such elements, in such a node, how are we 
to estimate happiness and virtue, thought and will ? To 
speak of a formula with regard to such uiings, would be to 
assume that their laws must needs take the shape of those 
laws of the material world which our intellect most fully 
comprehends. A more absurd and unphilosophical assump- 
tion we can hardly imagine. 

We conceive, therefore, that the laws by which God go- 
verns his moral creatures, reside in his mmd, invested with 
th^t kicd of generality, wliatever it be, of which such laws 
«*-§ ccoabl-«; b'Jt of ^e character of s«M:h general laws, we 
JcnowDochin^ mocs ceoaidy thiiitkaS|th«i i^ *nust be altO" 
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getfaer different from the character of those laws which re- 
gviate the material world. The inevitalde necessity of such 
a total difference is suggested by the analogy of all the 
knowledge which we possess and cdl the conceptions which 
we c^ form. And, accordingly, no persons, except those 
vtiose mmds have been biassed by some peculiar habit or 
course of thought, are likely to run into the confusion and 
perplexity which are produced by assimilating too closely 
the government and direction of voluntary agents to the 
production of trains of mechanical and physical phenomena. 
In whatever manner voluntary and moral agency depend 
upon tlie Supreme Being, it must be in some such way that 
they still continue to bear the character of will, action, and 
morality. And, though too exclusive an attention to mate- 
rial phenomena hiay sometimes have made physical philo- 
sophers blind to this manifest difi'erence, it has been clearly 
seen and plainly asserted oy those who have taken the most 
comprehensive views of the nature and tendency of science. 
"1 believe," says Bacon, in his Confession of Faith. '*that 
at the first the soul of man was not produced by heaven 
or earth, but was breathed immediately from Qod ; so that 
the ways and proceedinge of God tcUh spirits are not ivv 
dtideain nature ; that is in the laws of heaven and earth ; 
but are reserved to the law of his secret will and grace ; 
wherein Grod worketh still, and resteth not from the work 
of redemption, as he resteth from the work of creation; but 
contmueth working to the end of the world." We may be 
permitted to observe here, that, when Bacon has thus to speak 
of Gbd*s dealings with his moral creatures, he does not take 
his phraseology from those sciences which can offer none 
but talse and deiaaive analogies ; but helps out the inevita- 
ble scantiness of our hum in knowledge, by words borrowed • 
from a source more fitted to supply our imperfections. Our 
natural speculations cannot carry us to the ideas of " igrace" 
and "redemption;" but in the wide blank which they 
leave, of all that concerns our hopes of the Divine support 
and favour, the inestimable knowledge which revelation^ as 
we conceive, gives us, finds ample room and appropriate 
place. 

7. Yet even in the view of our moral constitution which 
natural reason gives, we may trace laws that imply a per- 
flonal relation to our Creator. How can we ayoid consi* 
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derinff tkat ai a true view of man's being and places with* 
out which, hii best Ceusultie^ are never fully developed, his 
noblest energies never called out, his highest point of perfec- 
tion never reached 7 Without the thought of a God over all, 
superintending our actions, approving our virtues, transcend- 
ing our highest conceptions of good, man would never rise 
to those higher regions of moral excellence which we knew 
him to be capable of attaining. " To deny a God," again 
s&^s the great philosopher, " destroys magnanimity and the 
rising of numan nature ; for take an example of a dog, and 
mark what a generosity and a courage he will put on, when 
he finds himself maintained by a man ; who, to him, is in- 
stead of a Grod, or meliar ruUura: which courage is mani- 
festly such, as that'-creature, without that conndence of a 
better nature than his own, could never attain. So man, 
when he resteth and assureth himself upon divine protec- 
tion and favour, gathereth a force and fiiith, which human 
nature could not obtain. Therefore, as atheism is in all re- 
spects hateful, so in this, that it depriveth human nature of 
the means to exalt itself above human frailty."* 

Such a law, then, of reference to a Supremely Qood Be- 
ing, is impressed upon our nature, as the condition and 
means of its highest moral advancement. And strange in- 
deed it would be if we should suppose, that in a system where 
all besides indicates purpose and design, this law should 
proceed from no such origin ; and no less inQonceivable, 
that such a law, purposely impressed unon man, to purify 
and elevate his nature, should delude ana deceive him. 

8. Nothing remains, therefore, but that the Creator, who, 
for purposes that even we can see to be wise and good, has 
impressed upon man this tendency to look to him for sup- 
port, for advancement, for such happiness as is reconcilea- 
ble with holiness; — to believe him to be the union of all 
perfection, the highest point of all intellectual and moral 
excellence ; — is, in reality, such a guardian and judge, such 
a good, and wise, and perfect Being, as we thus irresistibly 
conceive him. It would indeed to extravagant to assert 
that the imagination of the creature, itself the work dT 
God, can invent a higher |)oint of goodness, of justice, of 
holiness, than the Creator himself possesses : that the fitef- 

* Bacon. Essay on Athsum. 
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fial Mindj from whoita our Dotions of good and riffht are 
derived, w not himself .directed by the rules whicn these 
notions iWly. • 

It is difficult to dwell steadily on such thouglits. But 
they will at least serve to confirm the view which it was 
cur object to illustrate; namely, how incomparably the na* 
ture 01 God must be elevated above any conceptions which 
our natural reason enables us to form ; and we have been 
led to these reflections, it will be recollected, by following the 
clue of which science gave us the beginning. The Divine 
Jttind must be conceived by us as the seatof those laws of na« 
ture which we have discovered, it must be no less the seat of 
those laws which we have not yet discovered, though these 
may and must be of a character far difierent from any thing 
wd can guess. The supreme Intelligence must therefore con> 
tain the laws, each acconluig to meir true dependence, of 
organic life, of sense, of animal impulse, and must contain 
also the purpose and intent for which these powers were 
put in play. But the GJoveming Mind must comprehend 
also the laws of the responsible creatures which the world 
contains, and must entertain the purposes for which their re-* 
sponsible agency was given them. It fiiust include these 
laws and purposes, connected by means of the notlbns. which 
responsibility implies, of desert and reward, of moral excel- 
lence in various degrees, and of well being as associated with 
right doing. All the laws which govern the moral world 
are expressions of the thought and intentions of our Su- 
preme Ruler. All the contrivances for moral no less than 
for physical good, for the peace of mind, and other rewards 
of virtue, for the elevation and purification of individual 
character, for the civilization and refinement of Etates, their 
advancement in intellect and virtue, for the diffusion of 
good, and the repression of evil ; all the blessings that Wait 
on perseverance and enei^ in a good cause ; on unquench- 
able love of mankind, and unconquerable devotedness to 
truth $ on purity and self-denial ; on faith, hope, and chari' 
ty; — all these tnings are indications of the character, 'will, 
and future intentions of that God, of whom we have endea^ 
Voured tq track the footsteps upon earth, and .to show his 
handiwork in the heavens. "This God is our God, for 
ever and ever." And if^ in endeavouring^ to trace the ten- 
dencies of the vast labyrmth of laws by which the omTeiM 
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is goiFerned, we are lometimet lost and bewfldered, and eafl 
Bcarc«, or not at aH, discern the line by which pain and 
sorrow, and vice fall in with a scheme directed to tne strict* 
est right ftnd greatest good, we yet find no room to faint or 
feilier ; knowing that these are the darkest and most tangled 
recesses of our knowledge ; that into them science has as 
yet cast no ray of light; that in them reason has as yet 
cauff ht sight of no general law by which we may securely 
hold: whue, in those regions where we can^see clearly, 
where science has thrown her strongest illumination upon 
the scheme of creation ; where we have had displayed to 
us the ffenerai laws which give rise to all multifarious va- 
riety ofparticular facts ;—>we find all full wisdom, and har- 
mony, and beauty ; and all this wise selection of means, this 
harmonious combination of laws, this beautiful symmetry of 
relations, directed with no exception which human invesd- 
gation has yet discovered, to the preservation, the diffusioa^ 
the well being of those living things which, though of their 
nature we know so little, we cannot doubt to be the vorthiBil 
objecu of tht Creator's care. 




VALUABLE WORKS 

PUBLISHED BY HARPER & BROTHERfl^ 

No. 83 Cliff-Stbbst, Nbw-Yoek. 



ThA History of the Decline and Fall of thie Romao 
Empiie. By Edward Gibbon, Esq. Complete in 4 vols. Bvo. 
Witn Maps and Engravings. 

The History of Modem £urope : with a View of 
the Progress of Society, Arom the Rise of the Modem King- 
dons to t|ie Peaca of Paris, in 1763. By William Russel, 
LL.D.: and a Continuation of the History to the present 
Thne, by William Jones, Esq. With Annotations by an Amei- 
In 3 vols. Svo. With Engravings, &c. . 



The Historical Works of William Robertson, D.D. 

In 3 vols. 8vo. With Maps, Engravings,, &c. 

The History of the Discovery and Settlement of 
America. By William Robertson, D.D. With an Account 
of his Life and Writings. To which are added. Questions 
for the Examinatioii of Students By John Frost, A.M. In 
one volume, Svo. With a Portrait and Engravings. 

The History of the Reign of the Emperor Charles 

y. ; with a view of the Progress of Society in Europe, from 
the Subversion of the Roman Empire to the Beginning of the 
Sixteenth Century. By William Robertson, D.D, To which 
are added Questions for the Examination of Students. By 
John Frost, A.M. In one volume, Svo. With Engravings. 

The History of Scotland, during the Reigns of 
Queen Mary and of Kin^ James VI., till his Accession to the 
Crown of England. With a Review of the Scottish History 
previous to that Period. Including the History of India. 

The Pilgrim's Progress. With a Life of Bunyan, 
by Robert Southey, LL.D. New and beautiful Edition, 
•plendidly illustrated with fifty Engravings by AdamSk wai 
flMgeotly bound. In one voIiiim, 12ii». 



View of the State of Eanipe dnriii^ the Middl 

Av^. Ry Hftnry Hailam. Fremche Siz:h London Edxoai 
Ciimptftte in one volume, ^o. 

Bf.llin. — The Ancient History of the EsyptLins. 

Cariiainnianii. AMvnanfi, Bahyinniaiu. Mefif?^ jnd PersuuSi 
Gri'r;RnM wi Martwlnniaju : inctadiog the U^itorT- oi ihe Arts 
anil •^■c.pMrmi of the Ancienu. By CharJea Roilin. With a 
Li(n I'll' 'lie Author, hy Jamea BelL First compiete AmcBciE 
F^iiinn. In 2 volai ifro. F.mhpihahrri with nine £agTa.Tmfi^ 
incliKlinif three Kapa. 

The Dramatic Works and Poems of William 
Hhak^pMrn. With Notoi, ori^final and lelected. and Intzo- 
dnrT.^ry R^marku to each Play, by Samuel Weller Sinf^r, 
F..S.A . and a Life of the Poet, by Charles Sinuooca, D.D. 
Complete in one volame, 8vo. With nomeroua EugraTioga. 

The Dramatic Works of William Shakspeare, with 

the Correctionn and lUnntraciona of Dr. Johnaon. 6. Steeveoa, 
and othftrs. Revued by Isaac Reed, Baq. In 6 Tola, crowa 
8to. With a Portrait and othei Engrafiiigs. 

Prideaax's Connexions ; or, the Old and New 

T«itjimer»« crmnect^, in the History of the Jews and neigh- 
hionnn^ Nations; from the Declension of the Kingdoms of 
l^aeA and Judah to the Time of Christ. By Humphrey Pri- 
deal } X, I>.r>., Dean of Norwich. NewEditioL To which ia 
prnfixM the Life of the Author^ containing some Letters 
which he wrote in Defence and Illuatration of certam Parts 
of his Connexions. In 2 toIs. 8to. With Bfaps and £n 
gravings. 

J^utarch'.f lAvas. Translated from the orifinal 

(hftik, with Notes, critical and historical, and a Life ofPlu- 
tarrh. l)y John Langhome, D.D., and William Langhome, 
A.M. A now Kdition, carefully revised and corrected. In 
one volume, 8vo. With Plates. 

The same Work in 4 elegant 12mo. volumes, larg« 

type. 

Addison^s Works. New and splendid Edition. 

in press. 

The Spectator. New and splendid Edition. In 

prenB. 

rie Works of ^^'^•^^'N^^ic^ "^vv ^^\sb$«^ 

A one voJunn '^ 



I 



B§rftr ^ Onthtn, 1 

Iniie complete Works of Edmund Burke With a 

Memoir. In 3 vols. 8vo. With a Portrait. 
Sermons of the Rev. James Saurin, late Pastor ot 

the French Church at tho Hague. Fro^n the French, by the 
. Rev. Robert Robinson, Rev. Henry Hunter, D.D., and Rev. 
Joseph Shuccliffe, A.M. A new Edition, with additional 
JStermons. Revised and corrected by the Rev. Samuel Bur- 
der, A.M. With a Likeness of the Author, and aKeneral In- 
dex. From the last London Edition. With a rreface, by 
the Rev. J. P. K. Henshaw, J).J). In 2 vols. 8vo. 

The Works of John Dryden, in Verse and Prose. 
With a Life, by the Rev. John Mitford. In 2 vols. 8ve 
With a Portrait 

The Works of Hannah More. In 7 vols. 12mo 
' Illustrations to each volume. 

The same Work, in 2 vols, royal 8vo., with Dlus 

trations. 

Also an Edition in two volumes, royal 8vo. With 
a Portrait. 

Memoirs of the Life and Correspondence of Mrs. 
Hannah More. By William Roberts, Esq. With a Portrait. 

Midwifery Illustrated. By J. P. Maygrier,'M.D. 

Translated from the French, with Notes. By A. Sidney 
Doane, A.M., M.D. With 82 Plates. 

The Study of Medicine. By John Mason Good, 

li.D., F.R.S. Improved from the Author's Manuscripts, and 
by Reference to the latest Advances in Physiology, Pathol- 
ogyv and Practice. By Samuel Cooper, M.D. With Notes, 
by A. Sidney Doane, A.M., M.D. To which is prefixed, a 
Sketch of the History of Medicine, from its Origin to the 
Commencement of the Nineteenth Cei;ttury. By J. Bostock, 
M.D., F.R.S. In 2 vols. 8vo. 

A Treatise on Topographical Anatomy ; or, the 
Anatomy of the Regions of the Human Body, considered in 
its Relations with Surgery and operative Medicine. With 
an Atlas of twelve Plates. By Ph. Fred. Blandin, Professor 
of Anatomy and Operative Medicine, etc Translated from 
the French, by A. Sidney IhMM,A.M.,M.D. 8va With ad- 
Clonal Matter and Plateei 



9 €tiuMi W9rk$ Falbeu/itd fly 

Surgery ninstrated. Compiled from the Works of 
Cutler, Hind, Velpeau, and Blasius. Bj A. Sidney Doane, 
A.M., M.D. With 62 Plates. 

A xManual of Descriptive Anatomy. By J. L 

Bavle. Translated from the sixth French Editioii, bj A. 
Sidney Dc»anc, A.M., fi.D. 18mo. 

Lexicon Medicum ; or, Medical Dictionary. By 
R. Hooper, M.D. With Additions fiom American Authorii 
by Samuel Akerly, M.D. 8vo. 

A Dictionary of Practical Surgery. By S. Cooper, 

M.D. With numerous Notes and Additions, embracing aU 
the principal American Improvements. By D. M. Keese, 
M.D. 8vo. 

A Treatise on Epidemic Cholera, as oheerred m 

the Duane-street Cholera Hospital, Neyr-York, dorinr its 
Prevalence there m 1834. By Floyd T. Feins. 8yo. With 

Plates. 

A History of the Church, from the earliest Aces 
to the Reformation. By the Rev. George Waddington, M.A. 

8vo. 

English Synonymes. With copious Dlnstrations 

and Explanations, drawn from the best Writers. By George 
Crabb, M.A. 8vo. 

Letters and Journals of Lord B3n*on. With Notices 

of his Life. By Thomas Moore, Esq. In 3 vols. 8to. With 
a Portrait. 

Voyage of the United States Frigate Potomac, 

under the Command of Com. John Downes, during tha (%• 
cumnavigation of the Globe, in the years 1831, 1832, 1833, and 
1834 ; including a particular Account of the Enngement at 
Quallah Battoo, on the Coast of Sumatra ; with aU the official 
Documents relating to the same. By J. N. ReynokU. Sfo. 
Illustrated with ten Steel Engravings. 

The Works of the Rev. Robert Hall, A.M. With 

a brief Memoir of his Life, by Dr. Gregory, and ObsenratioDi 
on his Character as a Preacher, by Uie Rev. Jolm Foster. 
Edited by Olinthus Gregory, LL.D. In 2 vols. SfO. With 

a Portrait. 

The Fairy Book. Illustrated with 81 woodesCs 
by Adams. Kkno 



Jiarper cf BfOthna, d 

The Percy Anecdotes. Revised Edition. To 

which is added, a valuable Collection of American Anecdotes^ 
oiiginal and selected. 8vo. With Portraits. 

The Book of Nature. By John Mason Good^ 
M.D., F.R.S. To which is now prefixed a Sketch of th« 
Author's Life. 8to. 

Essays on the Principles of ]!if orality, and on the 
Private and Political Rights and Obligations of Mankind. Bj 
Jonathan Dymond. With a Preface by the Rev. George Bush| 
M.A. 8vo. 

A Dictionary of the Holy Bible. Containing an 
Historical Account of the Persons ; a Geographical Account 
(rf* Places ; a Literal, Critical, and Systematic Description ol 
other Objects, whether Natural, Artificial, Civil, Religious, 
or Military ; and an Explanation of the Appellative Terms 
mentioned in the Old and New Testaments. By the Rev. 
John Brown, of Haddington. With a Life of the Author, and 
an Essay on the Evidences of Christianity. 8vo. 

The Life and Surprising Adventures of Robinson 

Crusoe, of Yoric, Mariner. With a Biographical Account ol 
De Foe. Illustrated with fifty characteristic Engravings by 
Adams. 12mo. 

Poems by William Cullen Bryant. New Edition, 

enlarged. 12mo. With a Vignette. 

The same Work, fancy muslin, gilt edges. 

The same Work, bound in silk, gilt edges. 

Sallust's Jugurthine War and Conspiracy of Cat- 
iline, with an English Commentary, and Geographical and 
, Historical Indexes. By Charles Anthon, LL.D. SizUi 
' Edition, corrected and enlarged. ]2mo. With a Portrait. 

Select Orations of Cicero, with an English Com« 

mentary, and Historical, Geographical, and Legal Indexes. 
By Charles Anthon, LL.D., &c. I2mo. 

A. Life of George Washington. In Latin ProjBe. 
By Francis Glass, A.M., of Ohio. Edited «y J* N. Reynolds 
12mo. With a Portrait. ^ ..^.. 

fnitia Latina, or the Radiments of the Latin Tongue, 
ninttmltd by Progmtiv fistvaiMt. B| C Mm H Ltoil 



• ValudU WorJb PMUUdby 

Miniature Lexicon of the English Language. Bj 

Lyman Cobb. 

A Year in Spain. By a Young American. In 3 

▼ols. 12mo. with Vignette EmbeUiahments. 

8pain Revisited. By the Author of " A Year in 

Spain." In 2 vols. 12mo. With EngraTings. 

The American in England. By the Author of 

" A Year in Spain.*' In 2 vols. 12mo. 

Polynesian Researches, during a Residence of 
nearly Eight Years in the Society and Sandwich lafandt. 
By William Ellis. In 4 vols. 12ma With Maps, dec 

Travels and Researches in CafTraria ; describing 
the Character, Customs, and Moral Condition of the Tribes 
inhabiting that Portion of Southern Africa. By Stephen Kay. 
12mo. With Maps, dec. 

England and the English. By E. L. Bulwer, Esq., 

M.P. In 2 vols. 12mo. 

Evidence of the Truth of the Christian Religion, 

derived from the literal Fulfilment of Prophecy. By the Rev. 
Alexander Keith. 12mo. 

The Letters of the British Spy. By William Wirt, 
Esq. To which is prefixed, a Biograpbucal Sketch of the 
Author. 12mo. With a Portrait. 

Directions for Invigorating and Prolonging Life; 

or, the Invalid's Oracle. By William Kitchiner, M.D. iM 
proved by T. S. Barrett, M.D. 12mo. 

The Cook's Oracle and Housekeeper's ManuaL 

Containing Receipts for Cookery, and Directions for Carying. 
With a Complete System of Cookery for CathoUc FamiUea. 
By William Kitchiner, M.D. 12mo. 

The Plays of Philip Massinger. In 3 vols. ISmo. 

With a Portrait. 

The Dramatic Works of John Ford. With Notes 

Critical and Explanatory. In 2 vols. ISma 

Wonderful Characters ; Comprising Memoirs and 
Anecdotes of the most Remarkable Persona of evwj. A^ md 
iVation. By Henry Wilson. 8vo. With Ektgtvrmg^ 



Paris and the Parisians in 1835. By Frances 

Trollope. Svo. With Engnvings. 

A. Narrative of Four Voyages to the South Sea, 
North and ^onth Pacific Ocean, Chinese Sea, Etfaiopic and 
Soathem Atlantic Ocean, and Antarctic Ocean» From the 
year 1822 to 180 1. Comprising an Account of some yalnable 
iMscoveries, including the Massacre Islands, where thirteen 
of the Author's Crew were massacred and eaten by Cannibals. 
By Captain Benjamin Morrell, Jun. In one volume, Svo. 

Narrative of a Voyage to the South Seas, in 1829* 
1831. By Abby Jane Morrell, who accompanied her husband. 
Captain Benjamm Morrell, Jun., of the Schooner Antarctic 
12mo. 

Traits of the Tea-Party ; being a Memoir of George 
R. T. Hewes, one of the Last of its Survivers. With a fus- 
tory of that Transaction ; Reminiscences of the Massacre, and 
the Siege, and other Stories of old Times. By a Bostonian. 
18mo. With a Portrait. 

A.n Elementary Treatise on Mechanics. Trans- 
lated from the French of M. Boucharlat With Additions 
and emendations, designed to adapt it to the use of the Cadets 
of the U. S. Military Academy. By Edward H. Courtenay. 
Svo. 

The Life of John Jay : with Selections from his 
Correspondence and Miscellaneous Papers. By his Son, 
Wmiam Jay. In 2 vols. Svo. With a Portrait. 

Ajinals of Tryon County ; or, the Border Warfare 
of New-YoriL, during the Bierolution. By W. W. Campbell. 
Svo. 

A. Narrative of Events connected with the Rise 

and Progress of the Protestant Episcopal Church In Virginia. 
To which is added an Appendix, containing the Joumus of 
the Conventions in Virginia from the Commencement to tfaa 
present Time. By Francis L. Hawkes. Svo. 

4 Memoir of t^e Life of William Livingston, 

Member of Congress in 1774, 1775, and 177S; Delegate to the 
Federal Convention in 1787, and Oovemor of the State of 
NewJersey from 177S to 1790. l/Hth Extracts from his Ooiw 
iwpondence, and KoticM of variouf Members of hit FubUi; 
ByT1ieodkMr8«4|Wieic^Joii. %nu Withi ' 



rhe Writings of Robert G. Sands, in Prose and 

Verse. With a Memoir of the Aathor. In 2 ▼ok. Sra 
With a Portrait 

Narrative of an Expedition tbrongh the Upper 
MiMissippi to Itasca Lake, the actual Source of this Rbrer : 
embracing an Exploratory Trip throogl^ the St Croiz and 
Bnmtwood (or Brolft) Rivera. By Henry Schoolcraft. Svo. 
WithM^ia. 

V 

^ England and America. A Comparison of the So* * 

cial and Political State of both Nations. Sro. 

Sketches of Turkey in 1881 and 1832. By an 

American. 8vo. With EngraTings. 

Letters from the ^gean. By James Emerson, 

Esq. 8to. 

Records of my Life. By John Taylor, Author 

of " Monsieur Tonson.** Svo. 

The History of the American Theatre. By Wil- 
liam Dmilap. Svo. 

Memoirs of the Duchess d'Abrantes, (Madame Jn 

not.) Svo. With a Portrait 

Memoirs of Lucien Bonaparte, (Prince of Ganino.) 

12mo. 

The Life and Remains of Edward Daniel Clarke. 

By the Rev. William Otter, A.M., F.L.S. Svo. 

Visits and Sketches at Home and Abroad. With 
Tales and Miscellanies now first collected, and a new Edition 
of the ** Diary of an Ennuy^e.*' By Mrs. Jamescn. In S 
vols. 12mo. 

Public and Private Economy. By Theodore Sedg« 

wick. Part First ISmo. 

The History of yirfi[il A. Stewart, and his Adven- 
tures in Capturing and Exposing the Great ** Weatara Land 
Pirate" and his Ganff, in Connexion with the E^ideiUBe ; ako 
of the Trials, Contessions, and Execution of a nimiMr ot 
Murrell*s Associates in the State of Miaaiaaippi dorinf ths 
Summer of 1835, and the ExecuUon of fire rmfnaaianal 
Gsmblers by the Citixens of Viekiborgfa» oa iSbb 90k Jirff 
lS3d. Cov(ipUedbyH.R.H0waid. In om ««fani% Uaa 



Harper <f Brother*, % 

Slavery in the United States. By James K. Pauld- 
ing. In one volame, ISmo. 

Letters, Conversations, and Recollections of the 
late S. T. Coleridge. In one volume, 12mo. 

Specimens of the Table-Talk of the late Samsel 
Taylor Coleridge. In one volume, 12mo. 

Protestant Jesuitism. By a Ptotestant. In one 

volume, 12mo. 

Four Years in Great Britain. By Calvia Colton. 

In one volume, 12mo. 

Thoughts on the Religious State of the Country : 

with Reasons for preferring Episcopacy. By tl^e Rev. Calvin 
Colton. In one^iroiume, 12mo. 

Lives of the Necromancers ; or, an Account of the 

most Eminent Persons in Successive Ages who have claimed 
for themselves, or to whom has been imputed by others, the 
Exercise of Magical Power. By William Godwm. 12mo. 

The South-West. By a Yankee. In ^ y<Aa. 
12mo. 

The Rambler in North America: 1832-1833. By 

Charles Joseph Latrobe, Author of the « Alpenstock,** &c. 
In 2 vols. 12mo. 

The Rambler in Mexico • 1834. By Charles Jo* 

seph Latrobe. In one volume, 12mo. 

Common School Library. First Series. 18mo. 

Conunon School Library. Second Series. 18mo. 

The Life of Edmund Kean. By Barry ComwalL 
l2mo. 

The Life of Wiclif. By Charles Webb Le Bas/ 

A.M. ISmo. With a Portrait 

The Life of Archbishop Cranmer. By Charier 

W«bb Le Bas, A.M. In 2 vols. ISmo. With a Portmitb 

The Consistency of the whole Scheme of Reve* 
lation with Itself and wHhHomniBMtQB. By Philip Nich 
oUt Shuttleworth, D D ISmo . 



to VahubU Wmha rubU$tualj 

Luther and the Lutheran Reformation. By tlw 

Rev. John Scott, A.M. In 2 ▼ols. 18mo. With Portraits. 

History of the Reformed Religion in France. By 

the ReT. Edward Smedley. In 3 vols. 18mo. With Engra 
rings. • 

A Narrative of the Visit to the American Churches, 
by the Deputation from the Congregational Union of England 
and Wales. By Andrew Reed, D.D. and Jamea Matheson, 
D.D. In 2 vols. 12mo. 

No Fiction : a Narrative founded on Recent and 

Interesting Facta. By the Rev. Andrew Reed, D.D. New 
Edition. 12mo. 

Martha : a Memorial of an only and beloved Sis- 
ter. By the Rev. Andrew Reed, Author of **So Fiction."- 
12mo. 

Matthias and his Impostures ; or, the Progress of 

Fanaticism. Illustrated in the extraordinary Case of Robeif 
Matthews, and some of his Forerunners and Discipled. Bf 
William L. Stone. 18mo. 

Constantinople and its Environs. In a Series Oa 

Letters, exhibiting the actual State of the Manners, Customs, 
and Habits of the Turks, Armenians, Jews, and Greeks, as 
modified by the Policy of Sultan Mahmoud. By an AmjBri- 
can, long Resident at Constantinople (Commodore Porter). 
2 vols. 12mo. 

The Tourist, or Pocket Manual for Travellers on 

the Hudson River, the Western Canal and Stage Road to 
Niagara Falls, down Lake Ontario and the St. I^wrence to 
Montreal and Quebec. Comprising also the Routes to Leba 
non, Ballston, and Saratoga Springs. 18mo. With a Map. 

An Improved Map of the Hudson River, with the 

Post Roads between New- York and Albany. 

The Life of Andrew Jackson, President of the 
United States of America. By William Cobbett, M.P. ISmo. 
With a Portrait. 

Things as they are; or. Notes of a Travellei 
through some of the Middle and Northern States. JStUk 
With Engravings. 

Letters to Young Ladies. By Mrs. L. H. Sigour- 
I2«y. Third B^UonwD^^Qd. Ytotfk 



The Political Grammar of the United States ; or, 

a Complete View of the Theory and Practice of the General 
and State Governments, with the Relations between thenik 
By Edward D. Mansfield. 12mo. 

Elements of the Etiology and Philosophy of Epi« 
demies. In two Parts. By Joseph Mather Smith, M.D. 

A Treatise on Language ; or, the Relations which 

Words bear to things. By A. B. Johnson. 

History of Priestoraft in all Ages and Countries 

By William Howitt. In one yolnme, 12mo. 

The History of Henry Milner, a Little Boy who 

was not brought up according to the Fashions of this World. 
In three Parts. By Mrs. Sherwood. 

The Lady of the Manor ; being a Series of Con- 
yersations on the Subject of Confiraiation. By Mrs. Sher« 
wood. In 4 Tols. 12mo. 

Practical Education. By Maria Edgeworth, and 

by Richard Lovell Edgeworth. 

Rosamond, with other tales. By Maria Edgeworth. 

- In one Tolume, 12mo. 

The Parent's Assistant. By Maria Edgeworth. 

In one yolume, 12mo. 

Harry and Lucy ; with other Stories. By Maria 

Edgeworth. In 2 vols. 12mo. 

Frank. (Complete.) By Maria Edgeworth. In 

one volmne, 12mo. 

A Winter in the West. By a New-Yorker. (€• 

F. Hoffinan, Esq.) In 2 toIs. I2mo. 

France : Social, Literary, and Political. By H. L« 

Bulwer, Esq., M.P. In 2 vols. ISmo. 

Domestic Duties, or Instructions to Young Mar* 

ried Ladies on the Management of their Hoaseholds, and th« 
Regulation of their Conotact in the vaiions Relations and 
Duties of Married Life. By Mn. W. ParkeSb "With Improv*- 
ments. In one vdnme, I2mo. 

Anecdotes of Sir Walter Scott. By the Ettrick 
Shfpbwd. With a Lifo of the Author, by 8. Dtwitt Blood* 



12 VolMUtinrifAiNttMfty 

The life of Baron CuTier. By Mn. Lee* b 

one volume, 12ino. 

Letters to Ada. By the Rer. Dr. Pise* In one 

volume, 18mo. 

Letters of J. Downing, Majors Downingville Mi- 
litia, Second Brigade, to his Old Friend Mr. Dwight of the 
New-York Daily Advertiser. In one volume, 18moi With 

Engravings. 

Sketches and Eccentricities of Col. David Crock- 
ett. In one volume, 12mo. 

Scenes in our Parish. By a '* Country Parson's" 

Daughter. In one volume, 12mo. 

TliO Life, Character, and Literary Labours of 

Samuel Drew, A.M. By his eldest Son. In one volume, 

12mo. 

The Life of Mrs. Siddons. By Thomas Camp- 
bell. In one volume, 12mo. With a Portrait. 

Observations on Professions, Literature, Manners, 

and Emigration, in the United States and Canada. By the 
Kev. Isaac Fidier. In one volume, 12mo. 

Cobb's School Books. Licluding Walker's Dic- 
tionary, Explanatory Arithmetic, Nos. 1 & 2, North American 
Reader, &c. 

The Sibyl's Leaves. By Mrs. Coley. 
Discourses and Addresses on Subjects of American 

History, Arts, and Literature. By Gulxan G. Veiplanck. In 
one volume, 12mo. 

Narrative of Voyages to Explore the Shores of 

Africa, Arabia, and Madagascar ; performed in H. M. Ships 
l^even and Baracouta, under the Direction of Captain W. F. 
W. Owen, R.N. In 2 vols. 12mo. 

A Treatise on the Millennium ; in which the pre- 
vailing Theories on that Subject are carefully examined ; and 
the I'rue Scriptural Doctrine attempted to be elicited and es- 
tablished. By George Bush, A.M. In one volome, ISmo. 

A Concordance to the Holy Scriptures of the Old 
tnd New Testaments. By John Brown of Haddington. 1b 
one volume, 32mo. 



